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b CONVERSION FACTORS, NON-SI TO SI (METRIC)
Ay UNITS OF MEASUREMENT
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Non-SI units of measurement used in this report can be converted to SI (metric)

-
- -
-

units as follows:

=
-

o

Multiply By To Obtain

-

F RO ¢

inches 25.4 millimetres

_ Fahrenheit degrees 5/9 Celsius degrees or Kelvins*

,*ﬁ * To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
‘}!3 use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read-
Wed ings, use K = (5/9)(F - 32) + 273.15.
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FACTORS RELATED TO THE PERFORMANCE OF CONCRETE REPAIR MATERIALS o

1. INTRODUCTION

et |

1.1 Background

2 P AT R

An important part of the U.S. Army Corps of Engineers' Repair, Evaluation,
Maintenance, and Rehabilitation (REMR) research program concerns the repair of
concrete, A large number of materials are currently available for repairing
concrete. Often, however, their performance has been unsatisfactory. The
lack of success with these materials has been attributed, at least in part, to
an inadequate technical basis for their selection. For example, performance
tests and criteria for selecting materials used to repair concrete are often
not available. Because of a lack of criteria, each Corps office essentially
operates independently with regard to selecting repair materials, often relying -,
primarily on supplier information. Performance tests and criteria for repair S
materials need to be developed in order to improve the selection process and ﬂ
the field performance of these materials.

il

Ve o o

The National Bureau of Standards (NBS) initiated a study under the
REMR program to provide the status of information related to the performance
of concrete repalr materials, based on information in the literature. The NBS
work was concerned with materials for overlays and those for the repair of
(1) active cracks (cracks expected to undergo further movement or extension),
(2) dormant cracks (cracks unlikely to open, close, or extend), and (3) spalls.

V| L e |

1.2 Purpose and Scope

This report provides the status of information related to the performance
of materials containing polymers used to repair portland cement concrete, &
including performance requirements, degradation factors, properties related to !
performance, and pertinent existing test methods and their parameters. Research "
needs related to developing performance tests and criteria are also given.
The following types of repair materials which coatain polymers were covered in %
detail: sealant type materials for repairing active cracks, and polymer Y
adhesives, polymer mortars and concretes, and polymer-modified mortars and \
concretes for repairing spalls and dormant cracks and placing overlays.

This report is intended to be the first step in the process of developing
performance tests and criteria for materials to repair concrete. The informa-
tion in it can be used as a guide in identifying and selecting (a) the
important performance requirements, degradation factors, and properties related
to performance, and (b) pertinent existing test methods and their parameters to
measure the properties related to performance.

- -
- - -

-

In this study, the performance of repair materials after they are installed
was of major concern, Though important to the proper functioning and durability
of a repair material, other considerations including the design, installation,
and repair methodology requirements, are excluded from this study. Information
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relating to steel reinforcement, including protection, bond strength, and

corrosion, is also excluded.

For active crack repairs, materials which are presently being used as
joint sealants* are covered. It is assumed that the method (ACI 77a**, CST
82) used is to cut a suitably dimensioned recess along the line of the
active crack and then seal it with an appropriate field-molded*** sealant,
which adheres to the crack walls. Thus, the experience and technical informa-
tion available on joint sealant materials for concrete can be applied to repair
active cracks.

Grouting technology and materials, which may be applicable for the
repair of cracks in concrete (e.g., see reference War 85), are not covered.
Materials which "seal"” the concrete and which can fill hairline cracks are
also not covered.

2. PERFORMANCE APPROACH

The information on the performance of repair materials in this report is
intended to serve as a guide in developing performance tests and criteria. One
format (MaC 74) for developing quantitative performance criteria involves
determining for each performance requirementt (e.g., withstand cyclic
movement under in-service conditions) the following:

(1) A pertinent property related to performance (e.g., resistance to
cyclical movement under specified degradation factorstt),

(2) A quantitative criterion (e.g., specimen of sealant bonded to concrete
substrate must withstand a certain number of specified cyclical
movements performed under specified degradation factors),

* Sealant -
passage of solids,

"any material used to seal joints or openings against the
liquids, or gases” (ACI 77a).

*%* Citations in parentheses refer to references listed in References.

***% Fleld-molded sealant - "a liquid or semi-solid material molded into the
desired shape in the joint into which it is installed” (ACI 77a). Primers
and back-up materials used with joint sealants are not covered in

this report - see references ACI 77a and PaC 84,

t Performance requirement - a qualitative statement of the performance
required from a repair material (ASTM 82).

tt Degradation factor — any of the group of external factors (e.g.,
stress, weathering) that adversely affect the performance of a repair
material (see ASTM 82 for further details).
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(3) A test method conducted under specified degradation factors (e.g.,
X use of cyclical tester with controlled environmental conditions),
wh and 4

-ﬁ
R
3 oV Vo X

(4) A commentary providing an explanation of the reason for, and intent
of, the criteria (e.g., cyclical test, though intended to simulate in-
service movement, is an accelerated test and needs to be interpreted

as such). ;

L

In order to provide information related to performance test methods and "
criteria as given in the above criteria format, the following information \
sources were initially considered: ol

(a) the past in-service performance of repair materials,

(b) research on (i) the effects of degradation factors on performance of .
repair materials, (ii) properties of repair materials that can be ¥
related to their performance, and (iii) test methods that can be
used to measure these properties, and

(¢) standards and specifications and their associated test methods, either 3
existing, proposed, or under development, that can be used or modified
to establish performance test methods and criteria,

A
\
Although some documentation of the in-service performance of repair :
materials exists, there is relatively little information relating material ~
properties and their test methods to in-service performance. Due to this lack B
of information, source (a) was not emphasized in this report. Rather, sources ;
(b) and (c) were emphasized because they were considered to be most meaningful N
in developing performance criteria. K
L)
Based on a review of the literature, including research, standards, h,
and specifications, the following factors related to performance were identified o
for the repair material types considered:
.
* performance requirements \;
* degradation factors and their effects on the performance of the repair ;
materials 3
» properties that can be related to performance and test methods and "t
the parameters that can be used to measure these properties :
t
t
A
* standards and specifications and their associated test methods that 3
could either serve as interim criteria or be modified to reflect '
v in-service conditions, degradation mechanisms, and performance.
848
l..
h', After identifying the factors related to performance, their role and
oy relative importance as related to developing performance tests and criteria »
ehle were established wherever possible. Thus, the information presented N
!l () 3
R 3
]
Y !
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is considered a first step in the process of developing performance tests and ‘
criteria (see sections 3.3 and 4.3). !

The work was divided into sealant materials used to seal active cracks and -
stiffer materials contailning polymers used for overlays and the repair of oy
spalls and dormant cracks.

This report will need to be updated as new information on repair materials
becomes available.

t
ot
=

3., SEALANT REPAIR MATERIALS FOR ACTIVE CRACKS :
3.1 Generic Types of Sealant Materials R,
4
References ACI 77a and PaC 84 cover in detail the many generic types of -
sealant materials, including their properties, standards and specifications, e
and applications. (Section 1.2 describes which types of sealant materials are »
covered in this report.) ;
'r
3.2 Research on Degradation Factors, Properties, and Test Methods Related to o
Performance of Sealant Materials
3.2.1 Laboratory Investigations .
Karpati has conducted a number of laboratory studies on one-part chemically :
curing silicone building sealants and a two-part polysulfide building sealant, X
generally using aluminum substrates (e.g., Kar 72a, Kar 72b, Kar 73). Her
important findings and conclusions include the following: .
»
o
(a) She has developed methods for predicting* the failure of the silicone "

(Kar 72b) and polysulfide (Kar 73) sealants based on laboratory tensile \
testing. According to her (Kar 79), the factors that govern the
behavior of sealants are: “"stress, strain, temperature, rate of
deformation, humidity, air, light, type and condition of substrate,
and presence of water or chemicals. Of these, stress, strain, defor- d
mation rate, and temperature are of primary importance. They have to
be known simultaneously in describing a material at any given age,
humidity, substrate condition, etc. Consequently, these four factors
must be included in any test method devised to measure mechanical !
properties, while the other variables must be kept constant at values
considered to be realistic.”

(b) In an investigation of the tensile properties of a one-part chemically
curing silicone sealant, she (Kar 72b) observed the material to be
“"temperature independent in the region important to sealants, with

* See references for details on how predictions were made. For example, .
extrapolation was used to predict extensibility (Kar 72b).
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some deviation from the rule near the crystallization temperature
under high strain.”

"Cyclic tests provide the best representation of the conditions to
which sealants are subject in practice” (Kar 80b). Cycling tests,
however, are complex. Karpati concluded that "the laboratory cycling
experiments can be connected to the tensile results and, therefore,
there is a rational way to derive the cycling conditions” (Kar 80b).
(See reference Kar 80b for details on cycling tests, tensile tests,
and sealants used.)

Matsumoto, Ono, and Maruichi (MOM 80) used cycling compression-extension
testing to quantitatively determine the "fatigue process of a sealant, based on
resilient energy.” “Resilient energy” was calculated based on tensile testing
of specimens which had undergone a prefixed number of movement cycles. The
authors investigated 2-part polysulfides, l-and 2-part silicones, and l-and
2-part polyurethanes all tested on aluminum substrates. From their results,
they developed a rational method of obtaining the movement capability of
sealants.

The relationship of a number of properties, including those derived from
tensile testing, to accelerated aging tests was investigated (LeR 72) for a
number of polysulfide-based sealants on concrete* substrates. The authors
concluded that the changes in properties before as compared to after aging
were "of different orders and sometimes even followed divergent directions.”
They also concluded that a correlation between accelerated aging tests and
outdoor exposure tests is needed to quantitatively predict service life. They
saw the need to define a "coefficient of accelerated aging,” which would be
related to local climatic conditions and which would "be obtainable by comparing
such criteria as strain energy or toughness, which are best suited for predicting
the performance of a sealant under working conditions.”
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Spells and Klosowski (SpK 85) have performed preliminary studies of
(1) the effects of temperature and accelerated weathering (including
ultraviolet (UV) radiation and condensation to simulate rain and dew) on the
modulus (amount of tensile stress required to produce a given strain), and
(2) the effect of accelerated weathering on the number of shear cycles (at
~18°F) to failure. Polyurethane, polysulfide, and low-modulus silicone sealant
types were included in their study. Among their conclusions were:

e\
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(a) "All samples tested showed a decrease in the number of
shear cycles with simulated wcathering or lower
temperatures except for the low-modulus silicone.
They attributed this decrease to the "change in the
sealant's rubber or modulus property with temperature or
aging,” and

* Text unclear as to whether mortar or concrete substrates were used.
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?:5 (b) "... modulus testing provides a tool that is useful in
measuring changes in rubber properties and in matching
the sealant to the performance requirements.”

-

- W -~

e Karpati (Kar 78b) developed a test method for evaluating the resistance .
R ,
, of a sealant specimen to water immersion. The test included tensile testing ¥
‘33 a sealant specimen while it was continually immersed in water. She stated o
5if that the test "was developed for performance testing of sealants while !
\ b immersed, such as would occur in swimming pools and water reservoirs.” Results

:'3 were presented for a two-part polysulfide sealant cast on aluminum substrates f
" and cement—-mortar substrates. +
e 4
a ) 3.2.2 Investigations Involving Outdoor Exposure {
'.‘559 t |
:a : Karpati has conducted a number of studies* (Kar 80a, Kar 84a, Kar 84b, ‘

Kar 85) involving outdoor exposure with strain-cycling racks or manually
operated vises., Her investigations on outdoor exposure have included
one-part chemically curing silicone and two-part polysulfide building sealant
) types, both tested on aluminum substrates. Her findings and conclusions 4
N include: s

b (a) For the sealants studied, strain cycling was determined to be the ;
most important degradation factor:

;S) (1) "Strain cycling movement is the predominant factor that causes
-zjﬁ failure during weathering of a one-part chemically curing
i;;; silicone sealant; outdoor weathering alone is negligible .... 3
b ,
v For this particular silicone sealant, heat aging cannot be used -
’fb. to accelerate weathering since the properties improve instead of X

A deteriorate, as on outdoor cycling. This is probably due to the A
gﬁ: establishment of a better bond between the sealant and the )
ad% substrate or primer” (Kar 80a). !
LI
ﬂ)t (i1) Strain cycling is the "most important factor in test methods ;
Y intended to evaluate their (two-part polysulfide sealants) \
B performance” (Kar 84b). : !
‘;:i' " :
‘qb“ (b) For a two-part polysulfide sealant, three stages of permanent defor- ¢
' mation associated with the polysulfide sealant exposed outdoors on
O manually operated vises were recognized (Kar 85).
& “

e
:$$: (c) In addition to visual observation of failure progression caused by
:ﬁq. strain cycling, laboratory tensile testing was used to investigate '
;&ﬁ the properties of outdoor exposed specimens (Kar 80a, Kar 84b, \
S Kar 85).

14
Y *
4 ?hh
:b v
a * Also see the recent submission by Karpati: “"Laboratory Fatigue Test of a
QL* Two-part Polysulfide Sealant Correlated to Outdoor Performance."” h
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(d) She tested specimens of a two-part polysulfide sealant on manually
operated vises (Kar 78a, Kar 85) which were exposed outdoors and had
movements imposed on them. The results obtained using the vises were
compared with previous results from a strain-cycling rack (KSS 77).

She concluded that "The results show that the vises can replace the
strain-cycling rack that imitates the performance of sealants in
building joints. This work is therefore a step forward in establishing
a link between outdoor performance and laboratory tests of sealants,
since the vises can be used in the laboratory, with some changes in

the conditions imposed."”

A relatively quick outdoor exposure screening test was developed

(Kar 84a) which eliminated unsatisfactory silicone sealants within

two months. The test was demonstrated with 13 silicone sealants on

aluminum substrates (the silicone types were not given). She indicated

that the test could also be used to "determine whether a primer is

required and whether there are batch-to-batch variations in a material.”
Beech (Bee 85) reviewed various types of apparatuses “"designed to impose

upon the samples a simulation of joint movement, simultaneously with exposure to

the weather.” He indicated that the imposed movement is "usually actuated by

temperature and radiation changes induced by weather.” He cited a number of

studies using such apparatuses, including Karpati's strain cycling rack (KSS

77), which has already been discussed, and studies by Fry and Whitney (FrW 79)

and Burstrom (Bur 80), which are discussed below.

S‘
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Fry and Whitney (FrW 79) investigated the effects of two years of natural
weathering on a range of sealants using a cyclic movement test rig. The
following sealant types were investigated: acrylic latex, acrylic solvent-based,
one- and two-component polyurethanes, one-and two-component polysulphides, and
silicone. They evaluated sealants in butt joints between aluminum surfaces
and in shear joints between glass and aluminum. The glass-sealant interface
in the shear joint was exposed to sunlight and the sealant was continuously in
contact with water. They concluded that the “cyclic movements tester has
proved to be a useful tool by illustrating the relative differences in perfor-
mance between different types of building sealants ...” and stated that
"Exposure of the sealants without cyclic movement was not sufficient to evaluate
reliably sealant durability.”
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Burstrom (Bur 80) investigated in the laboratory the effects of
temperature (heat), humidity, akaline water, ultraviolet light, and ozone on
a number of different sealant types. He also used outdoor tests, which involved
exposure to natural aging (i.e., natural climate combined with joint movements).
The appearance and shapes of tensile stress~strain curves of specimens subjected
to certain testing conditions and exposures were studied; the specimens were
elongated to 100 percent strain at 2°C, at which point the stress relaxation
was measured for about 10 min. (See reference Bur 80 for the details of the
sealant types and testing conditions and exposures used, including the substrate
types and the definition of "humidity"”.) Burstrom stated: "The temperature
is the aging influencing factor that has been found to have the greatest effect
on the deformation characteristics of the sealants. But it is impossible to
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. ) find a general connection between accelerated aging in heat and natural aging .
Rﬁ‘ for different types of sealants.” As an example of the difficulty in making w
‘u:* universal conclusions for heat aging effects, he cited that a soft polysulfide ,
e sealant became softer after heat aging; this is contrary, he said, to the -
s expected trend of hardening after heat aging. However, this same material v
A turned harder in the outdoor experiment. Burstrom did, however, demonstrate y
," that in special cases it was possible to get a correlation between outdoor- A,
b stored and heat—aged specimens. He attributed the correlation to the heat-aging v
'ht? effect having clearly dominated the effects of other factors. :
53$' The Bureau of Reclamation (Joh 58) also developed an outdoor apparatus for .
o evaluating the performance of sealing materials used in contraction joints of !
?if concrete canal linings. The apparatus can be used to study simultaneously the }
o / effects of aging, temperature, moisture (including alternate wetting and drying), 3
&2@ and stress due to continuous expansion and contraction of the joint. Some '}

results using the Bureau of Reclamation's apparatus are given in reference
o SeM 61.

L
Q'« )

: Beech and Turner (BeT 83b) investigated the curing characteristics in the ¢
5 laboratory and under natural exposure of a range of elastomeric building :
ﬂﬂ sealants, including one-part polysulfides, one—-part polyurethanes, and one-part {
- silicones. Two properties were used to measure degree of cure: tack-free -

time and hardness. They stated: "Temperature, relative humidity, and ultra-

I :
‘:J_ violet light were noted to have an interactive effect on cure, although the E
:\xj influence of these factors varied between the different sealant types studied.” }
Q:i (See reference BeT 83b for the details of the curing characteristics.) :

d -‘, t
i 3.2.3 Standards and Specifications and Their Test Methods and Pertinent '
g Parameters ;

-

;i._‘__,

&F
«'w

e

Sealant specifications, standards, and test methods have been reviewed
extensively, including those references which cover:

S

) (a) more than one generic type of sealant (ACI 77a, AFM 83,
o Bee 80a, Bee 80b, Bee 85, Eva 80, EvT 85, PaC 84, Pan 76, Pan 81, 5
) )
., Sei 81) i
SO
0 (b) one generic type of sealant (e.g., oil and resin base - Bec 76; "
’ 2 solvent—-base acrylic - Mra 76, Wat 76; chlorosulfonated polyethylene - h

Pai 76; polysulfide - Bol 76, PPS 76; urethane - EvG 76, EvG 81; :
gl silicone - Klo 80; polyvinylchloride/coal tar type ("pitch PVC") -
sty McC 81).
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Table 1 lists U.S. Federal (1A) and ASTM (1B) specifications and standards
for sealants for use with concrete; in some cases the requirements related to
movement* are also shown. The reader is referred to the specifications and
standards (table 1), their references, and also to reference PaC 84 with regard
Q) to test methods, requirements, etc.

o Because of the extensive review of sealant specifications, standards, and
. test methods (see references above), only a limited number of references
i\ considered to be particularly relevant are discussed below.

; Evans (Eva 80) has reviewed the evolution of sealant durability testing,
i and with Torporcer (EvT 85), has provided a report of recent International

" Standards Organization (ISO) efforts in developing an international durability
; test method.

Beech (Bee 85) has reviewed and compared test methods to assess the
B movement capability of building sealants. Included were test methods taken
e from national and international standards. He stated "The ability of a joint
‘ﬁa' sealant to withstand repeated extension/compression movements is, together
\ > with its durability, the most important performance characteristic.” He
s discussed various in-service degradation factors, including water, UV radiation,
and variable temperature, in relation to laboratory cyclic extension/compression

;f} testing. He concluded with regard to cyclic testing that "A variety of test
e methods intended to assess the capability of joint sealants to withstand cyclic
A movement is available. These differ markedly in the manner in which they
‘}? incorporate salient factors from service."
.ll
With regard to the influence of cure on sealant performance, Beech
AT (Bee 85) stated: "It is apparent that the degree of cure markedly affects
%j physical properties such as tensile modulus, elastic recovery and hardness,
i} which are related to performance in service.” In addition, Beech and Turner
4r (BeT 83a) concluded that "Sealant testing should evaluate the effects of cyclic

5

joint movement and climatic conditions during sealant cure as well as in the

) fully-cured condition.
AN
o
(g Panek and Cook (PaC 84) state that "The major sealant reference standards
! z include cyclic tension and compression testing ..." They review some of the
\HQ test devices that have been developed for cyclic tension and compression testing.
~.:'l
L
o
. .§:.
.a’,:
O * Note that, according to J. Panek (private communication-June 1986), the
. "maximum total joint movement” as defined and explained in the Federal
I, specifications (table 1A) is not consistent with the latest methods of
':, expressing movement capability and can lead to misinterpretation and
y j improper joint design. For further clarification, see sections 2.3 and
.”, 5.1 of reference PaC 84, Also see reference PaC 84 for estimates of
" movement capability for some generic types of sealants.
o ?
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%
X Beech (Bee 85) in discussing weathering and aging factors stated: "The .
gi- inclusion of weathering and/or aging is evidently of great importance in any r
‘ realistic prediction of movement accomodation of sealants in service ..." but ;
stated that "we are still far from achieving a consensus regarding acceptable
laboratory procedures for simulating aging and weathering in the laboratory.”

Several studies have investigated movements in building joints
(e.g., BeT 83a, KaS 76a, KaS 76b); Beech and Turner (BeT 83a) discussed the
relevance of current sealant test methodology in relation to observations of
the amount, rate, and pattern of cyclic joint movement in buildings.

- -
T

3.3 Factors Affecting Performance of Sealant Materials

Table 2 is based on a number of references (e.g., ACI 77a, AFM 83,
ASTM 82, Bee 80a, ISO 75, ISO 84, PaC 84 and the Federal and ASTM specifi-
cations and standards listed in table 1). Table 2 lists performance require-
ments, degradation factors, and properties related to performance for sealant
type materials used to repair active cracks in concrete. Although the
information in table 2 covers many situations, it is not comprehensive. There-
fore, each structure to be repaired needs to be carefully analyzed on an
individual basis, choosing the appropriate performance requirements, degradation
factors, and properties related to performance from table 2, and adding any
performance requirements, degradation factors, and properties related to per-
., formance as encountered or needed. The properties related to performance are
considered preliminary because their relationship to in-service performance
§ needs to be established.
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Based on research references, standards, and specifications, a summary of
the more important factors affecting performance is given. A statement of
research needs related to developing performance tests and criteria is also
included. The information in the summary and information derived from additional
research are considered a first step in the process of developing performance
criteria and are intended to serve as a guide in selecting performance require-
ments, degradation factors, properties related to performance, and relevant
existing test methods and their parameters. Although the summary and statement
Y of research needs were based largely on literature pertaining to certain build-

! ing sealants tested under certain conditions (see sections 3.2,1 and 3.2.2),

00 the information in the summary as well as information derived from additional \
Al research should be applicable for active crack repairs using a variety of

sealant classes, used in different types of concrete structures and their

different environments. It is assumed that the method used is to cut a suitably )
dimensioned recess along the line of the active crack and then seal it with an M
appropriate field-molded* sealant, which adheres to the crack walls.

[ B N A AL A

-

[ e @ -

- ~..~. ,

* Field-wolded sealant: "a liquid or semi-solid material molded into the
desired shape in the joint into which it is installed” (ACI 77a).
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f\, 3.3.1 Summary
>
e
1)

v 1. The most important performance requirements are considered to be
[ the ability of a sealant and its bond to 1ts concrete substrate

N to withstand all in-service cyclical movements (e.g., extension .
:itj and compression) while being subjected to the other in-service ¥
,t degradation factors (temperature, moisture, etc.) for the intended J

life of the repair. The most important group of test methods are N
Thi considered to be those involving cyclical movement, where one or more 4
V) degradation factors can be varied during testing. =
l". , :
',ﬁ These degradation factors (movement, temperature, moisture, etc.) %
o0 can have a major influence on performance, either acting alone or b
S synergistically, With waterways structures, the role of moisture )
Ay or temperature or both (water immersion, freezing and thawing, }
hydrostatic pressure, etc.) deserve special consideration. =
f 10
;:3% The effects of the rate and degree of curing on performance can also &
:‘dg be important. For example, Beech and Turner (BeT 83a) state that f
A a "shortcoming of current test methodology is that sealants are not v
;FHQ subjected to cyclic movement during the cure phase” (see their W
¢ discussion for details).
,:2: Specimens consisting of a sealant adhered to two mortar or concrete .
. QJ substrates are considered more meaningful than specimens consisting of f
oty only sealant because (a) they can simulate the substrate surfaces and ¢
ks geometry of the repaired crack, and (b) failure by either adhesion or v
cohesion can be evaluated.
¢
2. Other factors related to performance that need to be considered are: :

oo

: ® While the performance requirements, degradation factors, properties X
L related to performance, and associated tests given in this section .
) (3.3.1) are considered the most ilmportant, it is still necessary to '
AR, consider all pertinent peformance requirements, degradation factors, u
ﬁr: properties related to performance, and associated test methods when }
Ab developing performance tests and criteria (see table 2). +

N '
'ﬁﬂ: ® The determination of the important degradation factors which affect !
® performance can depend on the sealant types being considered. For -
Loy example, the effect of heat aging can have completely different ]
;5:* effects on performance, depending on the sealant type (see reference :
'45 Kar 80a, where heat aging improved instead of degraded the properties '
:?;. of the silicone sealant tested). ;
1 )
Lt, ® Special factors affecting in-service performance of sealants may
aind need to be simulated including: A

L]
Jik - the substrate type and surface conditions (e.g., moisture) and )
c‘. the use of a primer ¢
:l?’it (]
i
:c:-e" 11 ;
_p'c.). ]
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-*
- the geometry (shape-factor) of the sealant in the joint. :i
Y
3. Existing ASTM and U.S. Federal standards and specifications (table 1) f,
and their test methods are useful in developing performance tests and —
criteria because the standards,specifications, and their test methods: W
K
(a) can serve as interim performance criteria until more .%
relevant performance criteria are developed, ~$
..’(
(b) have the potential to be modified to simulate the in-service -
conditions (movement, temperature, etc.), degradation r
mechanisms, and performance of sealants used to repair active d
cracks in different types of concrete structures in a variety ‘:
of environments, and ;
(c¢) reflect, at least to some degree, the in-service performance i

associated with the particular sealant type or types for
which they were developed. ¢,
Yy
However, the existing ASTM and Federal standards and specifications 6
and their test methods may not adequately simulate in-service condi- ‘k
tions, degradation mechanisms, and performance because: %
X
(a) the test exposure conditions may not be closely related to $:
the expected in-service conditions. For example, Beech rf
and Turner (BeT 83a) discussed differences between test .
method exposure conditions and in-service conditions for o
buildings, including differences associated with the .
magnitude and rate of movement and the effect of curing. ;2
' ¢,
!
(b) the standards, specifications,and their test methods have &
not been systematically related to in-service performance. :?
0

4. Outdoor cyclical movement tests can provide valuable information

on long~term performance. In addition, outdoor cyclical tests, X
such as that developed by Karpati (Kar 84a), have the potential for 4
providing additional information including (a) screening sealants !
relatively rapidly (e.g., within two months for silicone sealants - 5
Kar 84a), (b) simulating in-situ (as would occur in service) curing .

of sealants, and (c) determining if a primer is needed.

5. The use of simple, manually operated vises* (Kar 78a, Kar 85) have
the potential to be used in outdoor and indoor sealant testing
including (a) relatively rapid screening of sealants, (b) simulating
in-situ (as would occur in service) curing of sealants, and
(c) determining if a primer is needed.

* Vise: "imposes movements on sealant specimens at arbitrarily chosen
amplitudes and time intervals by manual adjustment™ (Kar 85).
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';:“ 3.3.2 Research Needs ’
\'J Ll
I
b Consideration should be given to the following research needs:
jg 1. The in-service conditions of the structure being repaired,
,:. including the active crack site, should be quantified. If possible,
:?: the characteristics (e.g., amplitude, rate*, frequency, number,
N duration, and sequence) of the cycles of the degradation factors
oy (movement of active crack, temperature, moisture, ultraviolet light,
') etc.) that the structure experiences should be quantified.
9
LN Environmental conditions (movement, temperature, etc.) could be
| ~ represented by several "standard” environments, with each "standard”
environment representing the environment in structures subjected to
e similar environmental conditions.
N 2. The order of importance of the degradation factors which occur in
It service should be established for each generic type of sealant.
~|
A
.y
‘Nﬁ The degradation mechanisms occuring in service for each generic type

?? of sealant should be identified and quantified. For example, see
Karpati's description of the three stages of degradation of a two-

Lf part polysulfide (Kar 85). Indicators of degradation need to be
N identified which quantitatively define the degree of degradation and
~t final failure.
f?’ 3. Simple and rapid screening tests, which simulate in-service conditions,
) degradation mechanisms, and performance, should be developed. These
| ?, tests could be conducted either in the laboratory or outdoors.
> Karpati's research (Kar 84a) provides an example of a relatively rapid
oA

:u outdoor screening test for silicones. Use of her manually operated
,¢: vises (Kar 78a, Kar 85) could potentially simplify this outdoor
: screening test. Once developed, screening tests could also potentially
;) be used to evaluate the effects of special factors, such as simulating
o in-situ (as occurs in service) curing and determining if a primer is
;“5{ needed. (Also see section 3.3.1.)

s

oy Tests which can be performed both in the laboratory and in the field
(X, should be considered - they would be helpful in establishing the
relationships between laboratory test results and in-service

el performance.

p) fx

;ﬁt 4. Analytical modeling** of sealants bonded to their concrete substrates
: : should be conducted to determine the relative importance of the

'
vf::-

{E{ * "Rate” refers to the rate at which a degradation factor is occurring within
,f% a given cycle (e.g., rate of movement of active crack walls).
2, ** For example, see reference Won 84.
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ﬁé.
: ! factors affecting in-service performance (see section 3.3, including
SN table 2).
W&
,\" 5. Consideration should be given to investigating methods of pre-
- dicting or estimating the long term behavior and field performance
Q " of sealants (e.g., the prediction of long-term behavior based on
:y short-term tests). Several approaches to predict or estimate
£ 5§ field performance are reviewed by Karpati (Kar 68), including
uf' “time-temperature superposition” and the “"kinetic approach®”.
o Karpati has applied time-temperature superposition to her
;l)\ research (Kar 73).
N 6. The information in this section (3.3) together with ASTM E 632
}E: (ASTM 82), should be used as a guide in:
LS
A (a) modifying existing ASTM and Federal standards and specifications
. or developing new performance tests and criteria to quantitatively
ﬂdﬁ simulate the in-service conditions, degradation mechanisms,
! 2 and performance of sealants used to seal active cracks in concrete,

“VA (b) systematically and quantitatively establishing the relationships
of the results of the modified or newly developed performance
tests to in-service performance, and

::f (c) establishing performance criteria based on the performance
. tests and the relationships of their results to in-service
:."::': performance.
. The order of importance of the properties which are related to
K in-service performance should be established when modifying
3 j or developing performance tests for each generic type of
}?{ sealant.
2o
- Care should be taken to insure that any accelerated testing
')‘ simulates the in-service conditions, degradation mechanisms,
Nﬁ& and performance.
K
1,.:"
s
:g% 4. MATERIALS USED AS OVERLAYS AND TO REPAIR SPALLS AND DORMANT CRACKS
thy
‘ 4.1 Generic Types of Repair Materials
l"
)
:bz A National Cooperative Highway Research Program (NCHRP) study (NCH 77)
.ﬂr reviewed the use and performance of rapid-setting materials for patching
iﬁ‘ portland cement concrete pavements and bridge decks. In this reference,
% patching materials were classified into eight groups: .
J
N
ﬁ > (1) basically portland cement (e.g., Type III with or without admixtures,
:'j regulated set cement)
§ ]
v
v
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(2) other chemically-setting cements (e.g., high-alumina cements,
magnesia-phosphate, but not calcium phosphate types)

(3) thermosetting materials (e.g., epoxy resins, polyesters)
(4) thermoplastics (e.g., sulfur, but not bituminous materials)
(5) calcium sulfate

(6) bituminous materials (e.g., hot-mixed dense-graded asphalt
concrete, asphalt emulsions, cold-mixed cutback asphalts, and tars)

(7) composites (e.g., fibrous concrete)
(8) additives (i.e., materials used to alter characteristics of mixtures)

In addition to reference NCH 77, there are other references which contain

information on different types of repair materials. These include (a) con- f'
ventional portland cement concrete (e.g., DaD 34, Fel 56, Fel 60, Gil 65, .4
NCH 79, NCH 82, Wes 60), (b) nonshrink or shrinkage compensating hydraulic N
cement mortars, concretes, and grouts (e.g., CoC 84, CuK 77), and (c) rapid- e
setting concretes and mortars (e.g., EaH 71, MSF 84). %‘
This chapter is limited to the following types of repair materials I‘
containing polymers: t:
* polymer adhesives - a polymer either with or without a fine filler t(
(e.g., ASTM C 881-78 (ASTM 78c) contains definition Ry

of filler for epoxy-resin-base bonding systems) !

* polymer concrete* or polymer mortar* — a composite material in which g

the aggregate is bound together y

by a polymer binder. ﬂ

» polymer-modified concrete* or polymer-modified mortar* (also I
referred to as polymer-portland cement concrete (ACI 77b)) - material w
"made by the modification of ordinary cement mortar or concrete q
with the polymer additives such as latexes, powdered emulsions, water- ?f
soluble polymers, liquid resins and monomers" (Oha 84). Q

Reference ACI 77b contains additional details on polymer mortars and o
concretes and polymer-modified mortars and concretes. h

Polymer-impregnated concrete (see ACI 77b), bituminous materials, and
repair materials containing sulfur are not covered in this chapter.

* In this report, "concrete” refers to repair materials containing coarse N
aggregate, and "mortar” refers to repair materials containing fine aggregate "
(e.g., sand) but not coarse aggregate. h
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;.\. A number of combinations of applying repair materials containing polymers P
) :C to portland cement concrete and mortar have been investigated (see section 4.2.1). \
L
e Factors affecting the performance of the bond of a repair material to i
. its existing concrete substrate*, including the effects of temperature, =
oo duration of load application, and moisture, are emphasized. The effects of ?
" temperature, duration of load application, and moisture on certain properties )
::: of "plain” repair materials (i.e., excluding their concrete substrate) are iy
YoM also included. Other factors affecting the performance of repair materials Yy,
Ry containing polymers are not covered - the reader is referred to the voluminous ﬁ
vJ literature on polymers used with concrete (e.g., ACI 68, ACI 73, ACI 77b, ACI 78, :
q' Bar 82, ICP 75, ICP 78, ICP 81, ICP 84, RIL 67). )
b \ (L8
& "
\ N 4,2 Research on Degradation Factors, Properties, and Test Methods q
A Related to Performance of Repair Materials ‘$
(h ) .
. 4,2.1 Bond of Repair Material to Its Concrete Substrate %
o 4
?5 There have been many investigations employing a variety of test methods to 4f
? investigate the bond strength of repair materials to concrete., Table 3 lists ﬁ
¥ the test methods used in the investigations reviewed in this report, with the 4
) methods classified as shear, tension, flexure (bending), thermal com- K
patibility, and shrinkage. The test methods in the investigations %
::{ (table 3) have been used to evaluate a number of applications of concrete W
:ﬁ} repair materials, including bonding of: Q
N, 0
e W
b - (a) hardened concrete (or hardened mortar) to hardened concrete (or .
i hardened mortar) using a polymer adhesive or polymer mortar, h
. \
f? (b) fresh concrete (or fresh mortar) to hardened concrete i
,E': (or hardened mortar) using a polymer adhesive or polymer mortar, Ef
EhC- )
:z‘ (c) polymer-modified concrete (or polymer-modified mortar) to .
lj' hardened concrete (or hardened mortar), -
; f (d) polymer concrete (or polymer mortar) to hardened concrete :f
. (or hardened mortar). )
x. - ;
[y ® o
50- In the investigations, various types of hardened concrete or mortar surfaces y
o (to which the repair materials were adhered) were studied, including cast, o
5 sawn, or fractured surfaces. Prior to applying the repair material, some 3
KM surfaces were specially treated with acid, sandblasting, etc. !
w

B . * "Concrete substrate” refers to the hardened (existing) portland cement &
i~ concrete surface or surfaces to which the repair material is bonded. N
- P ]
.. The repair material can be bonded above, below, or in between the concrete ﬁ
5 surface or surfaces repaired. ;
o 0
N o
o "
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In some of the studies listed in table 3, degradation factors, such as
temperature and moisture, were varied to evaluate their effect on the bond
strength (see section 4.2.2).

A general comment on determining the bond strength of epoxy-resin adhesives
to concrete, stated by Schutz (Sch 68) is: "that the tensile strength of a
good epoxy adhesive will be in the order 10 to 20 times that of concrete.
Most test procedures will not indicate the strength of the adhesive but will
merely show the strength of the bonded concrete.”

The different types of bond-related tests listed in table 3 are discussed
below.

4.,2.1.1 Shear Strength

The shear strength of the bond of a repair material to its concrete
substrate has been investigated using several test methods: direct, slant,
and "other” (table 3).

Kriegh (Kri 76), in comparing a number of test methods for determining the
epoxy bond strength to concrete, presented arguments for the use of the
"composite cylinder test” (i.e., the slant shear test):

"As a means of evaluating the strength of the epoxy and the
epoxy bond of hardened concrete to hardened or plastic
concrete, the composite cylinder test has proved to be

the most reliable and consistent of all other tests because
it represents a condition closer to the actual use and
failure mode of concrete. This is especially true when it
is compared with those tests relying on the tensile strength
of the concrete as a failure criterion.

For example, the flexure beam test as modified for epoxy
bond testing utilizes the tensile strength of the concrete
as a basis for determining effective bond strength.
Concrete is so weak in tension that steel is used in con-
crete to take tensile forces. Therefore, having a tensile
bond strength greater than concrete is really not much of
a requirement and actually has little meaning.

The real value of concrete is in its compressive strength.
If new or old concrete is to be effectively bonded to
existing concrete with an epoxy adhesive, the adhesive

must be formulated adequately to satisfactorily transfer
all of the compressive forces the original and new concrete
are expected to carry. The composite cylinder test
measures the ability of the epoxy compound to do this.”

- -
- G_-.’\’."’_-.

-

- K
e e e e S0

Kriegh (Kri 76) concluded that the composite cylinder test could be used
in evaluating the strength of concrete-to-concrete bonds, including evaluating
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damp concrete surfaces. He recommended routine use of the composite cylinder
test for screening epoxy resin compounds for structural concrete applications.

Schutz (Sch 82a) states that the slant shear (composite cylinder) test
as specified in ASTM C 882 (ASTM 78d) will eliminate epoxy-resin bonding systems
which are affected by bleed water from the plastic concrete and also those
systems exhibiting poor bond to concrete.

The slant shear test using rectangular prisms has been reported using
either sawn (PaR )* or fractured concrete substrate surfaces (Tab 78). Tabor
(Tab 78) advocated fractured surfaces because sawn or cast surfaces of half
cylinders or prisms used for various shear tests "do not approximate to the
accurately mating irregular surfaces of a typical crack in a piece of concrete.”
In contrast, Paillere and Rizoulieres (PaR ) favored sawn surfaces for several
bond test types, including slant shear, because of "the satisfactory reproduci-
bility between laboratories and between test series, whereas with a broken
surface it is practically impossible to achieve this,” and because research
has shown that "this type of surface was more selective and even more represen-
tative of product quality.”

e T 2o T 2 J
e 2,
K

-
wnr

- .
L4

There have been a number of studies evaluating repair materials which have
used the slant shear test (table 3). These include the use of the slant shear
test to evaluate the effect of creep in glued joints (Joh 63, Joh 67, Joh 70)
and to evaluate the use of underwater repair materials (Bil 79, JSS 82).

The direct shear (shear bond) test has been used in a number of studies
to evaluate the shear strength of the bond of a repair material to its concrete
substrate (table 3).

Limitations of the direct shear test which can lead to poor reproducibility
include (a) sensitivity to eccentric loads (KrN 68, Pac 79) and (b) high stress
concentrations (KrN 68). Also, in the direct shear test, if the bond interface
is not planar or if it is not perpendicular to the longitudinal axis of the
specimen, some unintended repair material or substrate outside of the
intended bond plane will be subjected to shear. This condition would be more
likely to occur in field-cored specimens. An advantage of the direct shear
test is that it can be used for laboratory specimens as well as for field cores
(e.g., Spr 84b).

The two studies in table 3, which used the compressive (double) shear
type test (Cho 60, Tsu 67), evaluated bonding either hardened concrete to
hardened concrete or hardened mortar to hardened mortar. As with the direct
shear test, Kriegh and Nordby (KrN 68) state the limitations of sensitivity to
eccentric loads and high stress concentrations for the compressive (double)
shear test.

* Date published could not be determined.
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:¢: Another type of shear test is being considered by the RILEM Committee -
' TC-52 RAC (Resin Adherence to Concrete)* using “push-off"” specimens (table 3)
M for evaluating the "bonding of cured concrete.” Several researchers have &
also used this geometry (ChL 77, ChL 78, Naw 84).
o ~
4,2.1.2 Tensile and Flexural Strengths
3 R
B The tensile bond strength of a repair material to its concrete or mortar i:
gy substrate has been investigated using a variety of test methods (table 3)
v including: direct (uniaxial) tension, adhesion ("pull-off”), splitting tension e
) (cylindrical specimens), and "point-load”. %,
P it
‘. Uniaxial tension testing has been used to evaluate the tensile bond lﬁ
%{' strength of repair materials in a number of investigations (table 3). fﬁ
L, Al
; Long and Murray (LoM 84) and ACI 503R-80 (ACI 80) show how the pull-off -
" test can be used to evaluate the bond between an epoxy mortar or epoxy Ky
N compound and its concrete substrate. This test, which can be performed in iﬁ‘
;52 the laboratory or in the field, involves drilling a core through the repair Q;
N material and partially into its concrete substrate, leaving the core intact in o
:b} the substrate (see reference LoM 84 or ACI 80). Then a circular probe is Y
bonded to the repair material surface with an epoxy resin having a sufficiently %
N high bond strength so as not to fail during testing (also see reference ACI S,
59 80). The probe is then pulled off in a direction normal to the interface, .
O failing (a) the interface, (b) the repair material, (c) the concrete substrate, Y
- or (d) a combination of (a), (b),and (c). One preliminary evaluation (Cau 84) :Q
e of the bond of a number of repair materials to concrete used a commercially Rt
‘ available hydraulic jack pull-out instrument. The results indicated that the -
;i; instrument is useful in evaluating the bond strength of repair materials and ',
hk. that the accuracy could be improved in several ways, including modification of S50
o the test instrument., Also, Davey and Boserio (DaB 78) used the pull-off test :}
e and presented some data for the bond strength between masonry block wall face v
! shells and its infill grout (high sand content concrete) using a pneumatic o
apparatus to exert the tensile force.
w: Fattuhi (Fat 83) has used the splitting tension test with cylindrical %ﬁ
;‘{ laboratory specimens to evaluate the tensile bond strength of repair materials {Q
.03 to concrete. <X

Recently, Saucier used a “point-load"” tensile test on field cores to ik
e evaluate the tensile strength of the bond between lifts of no-slump, roller- o
- compacted concrete (Sau 84). The plane of the bond interface in the "point-load” \

[
test is perpendicular to the longitudinal axis of the cylindrical specimen ~
compared to the splitting tension test, where the interface contains the }:

D longitudinal axis of the cylindrical specimen (see table 3 and reference $
g, CRD 85). The "point—load” method (CRD 85) is currently being considered for -4
¢ inclusion in the U.,S. Army, Corps of Engineers' Handbook of Concrete and Cement,
s ~D
3‘.
; 4 * For example, see minutes of committee meeting held in Delft, Netherlands, y
! September 17 and 18, 1984, :
o 19
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Many investigations (table 3) have evaluated the flexural (bending)
strength of the bond of a repair material to its concrete substrate.

Few studies have evaluated the feasibility of different test methods to
measure the tensile bond strength. In one such study, Fattuhi (Fat 83) used
the splitting tension test to evaluate the tensile bond strength of two cured
half-cylinders of concrete joined together with a repair material. He also
tested concrete beams in flexure in which a groove in the beams was filled
with a repair material; the groove was placed on the tension side of the beanms.
He concluded that the flexure (grooved beam) and splitting tension tests "could
be used for evaluating the effectiveness of a repair material in sealing cracks
and in transmitting tensile stresses across a crack.”

Many of the methods which reputedly measure the tensile strength of plain
concrete have the potential to be used to evaluate the tensile strength of the
bond of repair materials to concrete. Thus, information on factors affecting
the tensile strength of plain concrete may be relevant to evaluating the tensile
strength of the repair material's bond to its concrete substrate. Because of
this potential relevancy, Hannant's review of test methods to measure the
tensile strength of plain concrete (Han 72) is discussed briefly. He discussed
the advantages and limitations of the various methods. The methods reviewed were:
direct (uniaxial) tension test (over 16 different techniques), splitting
tension (cylindrical specimens) test, split cube test, double punch test,
ring-tensile test, and the flexure test.

In discussing the direct (uniaxial) tensile strength, Hannant ccmmented
that: "The direct tensile test has the advantage that it is the only tensile
test in which the tensile stress at failure is known with accuracy and it does

not rely on assumptions of elasticity or plasticity in order to calculate this
stress.”

Other factors noted by Hannant which influence the tensile strength
of plain concrete and which may affect the tensile strength of the bond of
a repair material to its concrete substrate include: direction of casting,
moisture content, fatigue, multi-axial stress systems, the volume of material
under stress, and the rate of loading. Another factor indicated by Hannant
that needs to be considered in selecting a tensile test method is the
application. For example, with a structure subjected to bending, it may be

preferable to measure the flexural tensile strength rather than the direct
tensile strength,

Hannant concluded from his review:

“The prediction of the tensile strength of concrete is a
complex problem.

The 'true' direct tensile strength of concrete can only be
determined reliably by means of a direct tension test and
it is now possible to carry out this test in the laboratory
with a reasonable degree of confidence.
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<. Before a concrete mix is designed to resist tensile d
e stresses, the limitations of the various tests which could K
o be used to verify the mix design should be fully understood, f'
.‘ otherwise the stress imposed in practice may exceed the —
e limits suggested as a result of the laboratory tests.” :F
) \> \
N o
b : 4.2.1.3 Volumetric Changes ¥
W) b 5
X y When a repair material is bonded to its concrete substrate there will :@
: p always be restraint to a volume change in either the repair material or its
LAY substrate. Stresses resulting from this restraint will affect the bond Py
‘\$ strength, Examples of volume changes causing induced stresses are those which »
;\: occur (a) during curing, (b) due to temperature changes and differences in the E;
‘:; coefficients of thermal expansion of the repair material and its substrate, hat
o and (c) due to other environmental effects, such as changes in the moisture té
content of the repair material or its substrate, or both. Furr (Fur 84) :
o discussed, for different geometries, the role of volumetric changes in inducing 7]
Aj\ stresses for epoxy-resin systems* bonded to concrete: :'
) ) b
b) 1.‘ -.‘.
:)' “"A thin membrane of epoxy bonded to concrete is restrained 5
T in the plane of bonding - in two directions. The membrane :”
. is free to expand or contract linearly in the third 3
Xt dimension. A pothole filled with an epoxy patching material Ny
o is restrained in the plane of the pavement, but there is o
. also some restraint in the third dimension because of o
i~ bonding to concrete around the sides. The patch itself A
o loses heat of curing faster to the cool concrete that it X
! contacts than to the air contacting the third face. -
. ()
o Portions of epoxy used as a crack filler are restrained in t:
' three dimensions. If a patch is too bulky, the curing ¢
«::- heat loss at its center is slower than at its outer regiomns, :
. and the dimensional changes in these two regions develop ':
) stresses within the patch.”
Pt %
, ﬂ No studies are known to exist on the shrinkage or thermal stresses Q'
1'ﬁ developed in a material used to repair cracked concrete where the repair jﬁ
. A material is restrained in three dimensions. There have been, however, 3:
W studies of overlays on concrete (see sections 4,2.1.3.1 and 4.2.1.3.2). ﬁ&
] -
a& 4.2.1.3.1 Shrinkage ;%
) (X
i& Whitesides (Whi 68) has studied the induced shrinkage stresses caused by :f
N curing of epoxy-resin systems. Whitesides defined "effective shrinkage” for an :{
*k. epoxy-resin system as “that portion of the curing shrinkage that occurs after “
o
1 :c:
-
s
:: * In this report, "epoxy-resin system” refers to a repair material containing :
" an epoxy resin (e.g., epoxy resin adhesives and epoxy resin mortars). A
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> 3* an epoxy system has developed such physical properties that additional :
QQ} shrinkage produces internal stresses in an external environment. In the entity*, »
o the immediate external environment is the bonded face of the concrete and the

restraint is limited to the strength of the concrete in shear or in simple

tension.” =
o Whitesides (Whi 68) studied the effective shrinkage of epoxy-resin t
L} systems (see reference Whi 68 for details) using a photoelastic technique. v
ﬁq Using this technique, he investigated the effects of temperature and relative b
) humidity on the internal stresses induced due to the effective shrinkage. He ?
) concluded that the "'effective shrinkage' in the epoxy system can produce X
Bh? forces greatly in excess of the ability of portland-cement concrete to contain :
b them.” He also suggested a test using an epoxy-glass laminate for determining )
|: the effective shrinkage. k
¥ ]
Ty ]
L Furr (Fur 84) developed equations which can be used to estimate the
. stresses caused by shrinkage. His equations do not account for the viscoelastic =
Pl :
e nature of epoxy-resin systems, which will result in some stress relaxation )
o with passing time. {
WY ]
)
o 4.2.1.3.2 Thermal Compatibility t,
X ,.
' Equations for estimating the thermal stresses caused by temperature changes
axﬁ: have been developed (Can 67, Fur 84, Spr 82, WFR 83). As in the case of ﬁ
::ﬂ. shrinkage, these equations do not take into account the viscoelastic nature of J
:ﬁ repair materials containing polymers. h
o N
- Sprinkle (Spr 82) discussed failures caused by temperature changes in thin
polymer mortar overlays. He grouped the failures into one or more of three basic \
N types: \
o ]
JQ 1. Formation of vertical cracks through the thickness of the &
14 overlay o
Wl "
\fL 2. Shearing of portland cement concrete substrate below the bond line .
o "
“~, 3. Deterioration of the bond between the overlay and its concrete !
_:p substrate. v
"
A '
! He discussed the effects of the properties (e.g., strength) of the overlay and L
e its concrete substrate in relation to each failure type. -
Wy 3
&% The effects of temperature changes are also discussed in the next .
na' section.
Y
:‘ U Al
- oM -
S8
J ),'
Dy
\ ‘\."
: v, * Whitesides referred to the epoxy-resin system bonded to its concrete
p ;: substrate as an "entity” - see reference Whi 68 for further details.
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I 4,2.2 Effects of Temperature, Moisture, and Loading e
N:,.' o
t A number of studies have evaluated the effects of temperature cycling in -
d air or water on the bond of various repair materials to concrete ) L
dug (GpD 80, GPP 76, GPP 78, Pac 79, SCL 67, Spr 82, Spr 84a, Spr 84b, WFR 83). o
4; 4 These studies included (a) the use of polymer mortars or latex-modified N
S mortars bonded to hardened concrete* substrates and, (b) polymer adhesives -
:5;- used to bond fresh mortar to hardened concrete substrates. The minimum and :
, 3 maximum temperatures of the cycles varied, depending on the study. In most 1
V) cases, 32°F (0°C) was included in the temperature range of the cycles. In s
. L3
-, most cases, a decrease in bond strength was observed for specimens which had
;:; undergone thermal cycling (in some cases moisture was present). :
o )
a4
v Pace (Pac 79) also investigated the effect of stressing specimens at an 5
f?f early repair age and at various intervals of freezing and thawing and indicated
that this stressing "had an adverse effect on the durability of the shear s
" strength of the repaired interface.” =
" .
jfc A number of laboratory investigations of the effects of moisture on the .
", strength of polymer adhesives, polymer mortars, and polymer-modified mortars :y
o have been reported**: &;
® Ghosh et al. (GSP 69) observed a substantial reduction in compressive 3
e strength for polyester resin mortar and epoxy resin mortar specimens b
jftj resulting from a 7 day immersion in water at 27°C, Inoue (Ino 76), :
Do however, reported that some of the epoxy resin mortars tested showed ‘
B an increase in compressive strength after being immersed in water at !
20°C for 2000 h. v
M f: ® Ohama (Oha 84) showed, for most of the latex-modified mortars studied, ﬁ
;‘}: that a loss of flexural and compressive strength occurs to some extent q
::. due to a 14 day water immersion. Also see reference ACI 77b (page {
o 40 and table 3.12) for additional data, )
o L
-3 ® The bond strength of epoxy resin mortars to cement mortar generally ‘1
Nt showed a decrease after the specimens were immersed in water at 20°C ]
g for 2000 h (Ino 76). N
W o kY,
'.J Ly
.3 ® Hugenschmidt (Hug 82) investigated cement/mortar prisms with dry q:
surfaces which were bonded using highly cross-linked epoxy resin
Jay adhesives. These specimens, which were cured for 7 days at room #
:."]‘ +
L)
- .
o X
i i
y * In reference WFR 83, the bond strength of polymer mortar to a polymer- f
R impregnated concrete substrate was investigated. o
[} ".' Y
A i
:\:- ** The reader is referred to the references cited for details of the polymers, &
o curing conditions, and control specimens used to determine the effects of K
\_, moisture. ::
1
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temperature and then were immersed in water for up to 2 years, showed
no loss in flexural strength.

® Ohama's (Oha 84) data showed that the adhesive strengths of several
latex-modified mortars to cement mortar were reduced when tested after
a 2 day water immersion at 20°C. Also see reference ACI 77b (page 40
and table 3.12) for additional data.

® Mechlenburg et al. (MAE 85), in a screening study of structural
adhesives for application to steel bridges, have shown that strength
and stiffness in tension for a number of polymer adhesives were reduced
significantly when bulk adhesive specimens were exposed to high relative
humidities.

Two studies (GPD 80, SCL 67) have evaluated repair materials using
(a) accelerated laboratory testing involving temperature or moisture cycling
or both, and (b) field performance trials, Both studies investigated the
effects of temperature or moisture cycling or both in the laboratory on the
shear bond strength of repair materials bonded to concrete substrates. Both
studies also qualitatively evaluated the field performance of repair materials
used in the laboratory testing. Ghosh et al. (GPD 80) stated that the
performance (as measured by bond strength) of the resin mortars which underwent
laboratory accelerated testing was qualitatively comparable to the performance
of resin mortars used to repair airport runways. (In most cases, Smith et
al, (SCL 67) did not state conclusions about the relationship between their
accelerated laboratory testing and field performance.)

Several references have treated the evaluation of materials used to repair
concrete underwater (Bil 79, Gio 84, JSS 82).

The detrimental effects on the bond strength due to moisture build-up
at or near the interface of a repair material and its concrete or mortar sub-
strate have been discussed in references Ino 76, Pac 79, RoS 69, Sch 80, Sch 82b,
SCL 67 and War 84. (Here "detrimental effects on the bond strength” includes
deterioration of the concrete substrate as well as deterioration of the bond
of the repair material to its concrete substrate.) References Pac 79, Sch 80,
Sch 82b, SCL 67, and War 84 discuss the detrimental effects on the bond strength
of water build~up combined with freeze-thaw cycles. For example, for epoxy-resin
systems applied to concrete on grade, Schutz (Sch 82b, Sch 86) indicated that
conditions which cause a moisture build-up near the bond line can result in
deterioration and loss of bond between the epoxy-resin system and its concrete
substrate. According to Schutz, this deterioration and loss of bond can occur:

(1) prior te cure, when one or more of the following occur: (a) air or
water vapor causes blisters in the epoxy-resin system, (b) these
blisters erupt and cause "volcanos” (small eruptions), or (c) the
epoxy-resin system cures on a layer of condensed water vapor which
acts as a bond breaker.
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" \ (2) after cure, in a non-frost resistant concrete substrate, when moisture .
:ﬂ { build-up exceeding.the cr%ticel saFuration point (of the concrete 'l
O substrate) occurs in combination with freeze-thaw cycling. ¢
! )
. There is little information in the literature on the performance of .
\ﬁ} an impermeable repair material layer applied to frost resistant concrete and J
::{ there is varied opinion (e.g., see Sch 80) about the durability of such a )
:“: repair when exposed to freeze-thaw cycling in the presence of moisture, In ay:
e frggze—thaw testing, the adverse effects of volumetric changes due to i
..) differences in the thermal coefficients of expansion need to be considered. 2
R w3
,hj There have been many studies on the effects of the load duration or 0
::: the temperature during loading or both on the strength, stiffness, and t
,Q, deformation of polymer adhesives, polymer mortars, and polymer concretes «
4 (materials containing polymers evaluated with their concrete substrates:
Fat 83, Hug 76, Hug 82, Joh 63, Joh 67, Joh 70; and materials containing

s polymers evaluated without a concrete substrate: AyD 81, AyD 84, BHG 70, o
o Hri 81, Hug 76, Hug 82, Kol 76, OKY 76, Sta 76, VaN 76). These studies related o)
A to load duration or temperature during loading or both generally support the iy
ho >/ following conclusions about trends which can cause structural or serviceability a
g failures in polymer adhesives, polymer mortars, and polymer concretes: ?
‘ i
o ® Increasing the fraction of sustained load ( measured as a percentage of -~
g the ultimate short term load)or the duration of loading or both, W
ﬁ; causes an increase in the amount of creep deformation*. .

)} Ly
0
a & .
{*H ® Increasing the testing temperature generally causes a decrease in
’ strength and stiffness and an increase in creep deformation.

'"ﬁ In some of the studies, very large decreases in strength and stiffness

" (e.g., BHG 70, Joh 70, Kol 76) and very large increases in cree N
. \' ’ ’ ’ P o
‘\i deformation (e.g., OKY 76) occurred with increasing testing -
;:' temperature, This behavior (very large changes in properties) is "]
‘deS most likely caused by the proximity of the testing temperature to

) the glass transition temperature** of the polymer studied.

> N4
NS For information on the creep characteristics, including the effects of ?
. temperature, load duration, and fraction of sustained load, the reader is referred 'd
0 to references ACI 77b, AyD 81, AyD 84, Hug 76, Hug 82, Joh 63, Joh 67, Joh 70, "
Wil OKY 76, and Sta 76. .
® 1
. q ==
N

. .

N 4
R
2 0
o y
5? * Creep deformation was measured in either strain or strain per unit stress. z
ff) N

. ** For example, see Eisenhut's references (Eis 85a, Eis 85b) which discuss .
s the viscoelastic behavior of polymers and the significance of the glass Y
?:: transition temperature in relation to the performance of polymer adhesives \
‘;:. used in “structural” uses (adhesive transmits or distributes loads) and ﬁ
V}& "non-structural”™ uses. Also see reference ACI 77b for a discussion of the a
Wi viscoelastic behavior of polymer mortars and concretes.
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From studies of loading duration, temperature during loading, and fire
tests(see references Lev 82 and SuS 76 for fire tests), the following important
conclusions can be drawn for polymer adhesives, polymer mortars, and polymer
concretes:

1. Short term tests are not reliable indicators of long term
performance.

Tests conducted at one temperature (typically room temperature)
do not provide information on the performance at other temperatures.

There can be a wide range in the viscoelastic* behavior for a
given polymer type (e.g., epoxy resins).

Special tests are needed to evaluate the effects of fire or
higzh temperatures or both on structural performance, smoke evolution,
and gas evolution,

With regard to the strength and deformation characteristics of polymer
mortars and concretes (PC), reference ACI 77b states:

“Most strength and deformation data for PC have been
determined from strength tests of short duration and creep
tests at stress levels below the long-term strength. The
resulting stress—strain relationships do not reflect the
magnitude of the viscous deformations which might occur
under service loadings, and the reduced strength associated
with extended durations of loading. Further, the effects
of environments other than laboratory conditions on

the response of PC to mechanical stress have not been
studied in detail.”

There have been a number of studies (ChL 77, ChL 78, CSP 84, MaO 85,
PoB 75) of the repair of cracks or joints in either plain or reinforced
concrete members using epoxy-resin systems (epoxy Injection, etc.). These
studies compared the performance of the original (see references) specimens
with their performance after the repair had been made. With several exceptions,
the performance of the repairs were determined to be effective. The specimens
in these studies were apparently tested at or near room temperature and under
short term loading. Hence, neither the effects of temperature (e.g., high
temperature) nor sustained loading on the performance of the repairs were
evaluated in these studies.

* For example, see Eisenhut's references (Eis 85a, Eis 85b) which discuss
the viscoelastic behavior of polymers and the significance of the glass
transition temperature in relation to the performance of polymer adhesives
used in "structural” uses (adhesive transmits or distributes loads) and
"non-structural” uses. Also see reference ACI 77b for a discussion of the
viscoelastic behavior of polymer mortars and concretes.
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L
: Ohama (Oha 84) presented data and information on temperature effects,
:“' including the influence of the glass transition temperature on the strength of
e polymer-modified mortars and concretes. Ohama's flexural strength data (Oha
84), showed that, with increasing temperature, strength reductions occurred in
the polymer-modified mortars investigated. It is noted that reference ACI 77b
also contains information on the effects of temperature on latex-modified
concrete.

Ohama {(Oha 84) stated that conflicting data exist on the creep behavior of

latex-modified mortar and concrete, Research (Oha 84) has indicated that
X two types of latex-modified concrete exhibited considerably lower creep strain
f'ﬁ- levels as compared to unmodified concrete. Other research (Sol 67) cited in
,j\: reference Oha 84, however, found that creep deformation in flexure for one
i: type of polymer-modified mortar was “several times larger than that of
e unmodified concrete at 20°C, and its catastrophic deformation occurred at 50°C
since the polymer developed a high plasticity above its glass transition
“,: temperature” (Oha 84).
"’
Yﬁ Mangat et al. (MBE 81) investigated the creep characteristics of polymer-
ﬁ? modified concretes under uniaxial compression. For the concretes and test
A conditions studied they state: “The results indicate that the acrylic based
polymers generally lead to higher creep strains relative to plain concrete.
,): The styrene-butadiene polymer, on the other hand, leads to a reduction in creep.”
o
'$: Ohama et al. (0SI 81) have presented data on the incombustibility of
N

NG polymer-modified mortars. Many of the mortars, when evaluated according to

JIS A 1321 (Testing Method for Incombustibility of Internal Finish Material

' and Procedure of Buildings), had “good incombustibility” (OSI 81). The authors

Q discuss the effects of polymer type, polymer-cement ratio, and polymer content
on the incombustibility of the polymer-modified mortars studied.

Ohama (Oha 84) investigated the durability of latex-modified mortars in
terms of their adhesion in flexure to ordinary cement mortar under 10 years of
outdoor exposure in Tokyo. He stated: “In contrast to unmodified mortar-
bonded specimens which failed within one-year outdoor, most latex-modified
mortar-bonded specimens had a satisfactory adhesion for practical use after
the 10-year exposure period.”

4,2.3 Standards and Specifications and Bond-Related Test Methods

Current ASTM standard specifications and their bond-related standard test
methods for concrete repair materials are given in table 3. Some examples of
other standards and specifications requiring bond-related tests for concrete
repair materials containing polymers are also shown. Although the information
in table 3 does not cover all standards and specifications world-wide, it does
indicate that a variety of bond-related tests (required by standards and
specifications) are in existence. In addition to the information given in

S A 18
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) table 3, there are a number of references* (Deg 84, FIP 78, OMK 76, SaF 83, %
Wy and TiL 84) which either propose or discuss a variety of bond-related tests ;
'q | (e.g., tension, shear, flexure,and thermal compatibility). Thus, it is evident "
m“J that a number of bond-related tests, in addition to the ASTM bond-related -
[ standard test methods (table 3), are either in existing standards and T
W s . . ; ; 1 o
o) specifications or are being proposed or considered for evaluating the bond "
:~JQ strength of repair materials containing polymers.

< §
QA

o) (
:{f, Many of the bond-related tests referenced by the standards and {
*"* specifications in table 3 apply only to epoxy-resin systems. Furr (Fur 84) :
‘_) has discussed the ASTM, AASHTO, and ACI specifications, as well as several =
;g\: U.S. state highway department specifications, for epoxy materials used with a
,:, concrete,

v o

'5: The ASTM bond-related standard test methods (see table 3 for ASTM

}'- L
Lot reference citations) for evaluating concrete repair materials are for epoxy-
. resin systems (C 882, C 883 and C 884) and latex systems (C 1042). Of these
4.s$ test methods only the slant shear test method (C 882 and C 1042) is quantitative. "
g
ﬂ.\v The ASTM C 884 thermal compatibility test method, which involves thermal z
4 ?J cycling, is qualitative. In contrast, the thermal cycling test in #
e reference HRS 78 is quantitative, requiring adhesion (pull-off) tensile testing f
of the bond strength after completion of the thermal cycling. (Details of the o
) Eﬁ thermal cycling and the bond strength criteria are given in reference HRS 78.) b
?
55\ The ASTM C 883 effective shrinkage standard test method involves X
o\ constructing a laminate consisting of an epoxy-resin system applied to a glass ﬁ
fn. plate. As the epoxy cures, any shrinkage of the epoxy will cause bowing of g
. the glass plate. The test is also qualitative, with failure defined as y
; ;J sufficient shrinkage to cause the glass plate to fracture. K
Qjﬁa
:{R. 4.2.4 Properties and Test Methods for Plain Repair Materials ;
"

ll.‘.- . '

. Pertinent ASTM test methods for (a) polymers and plastics,and (b) portland -
J cement concrete and mortar have the potential for evaluating the physical, "
e mechanical, and chemical properties (table 4) related to the performance of s
b.g plain repair materials. Plain repair materials include polymer adhesives, '
o polymer mortars and concretes, and polymer-modified mortars and concretes Y
s without their concrete substrates. ]
XY 1,
The test methods to determine the pertinent properties of plain repair ¢
o materials are not treated in detail. (Some properties of plain repair O
;i; materials, however, are discussed in the next section.) }
Bt !
‘. :
il

* Also see minutes of RILEM Committee TC-52 RAC Resin Adherence to Concrete -

for example, see minutes of meetings held in Athens, Greece, April 12 and 13,
1984 and in Delft, Netherlands, September 17 and 18, 1984.
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4.3 Factors Affecting Performance of Repair Materials

- .
"

PRI

Table 4 lists the performance requirements, degradation factors, and
properties related to performance for polymer adhesives, polymer mortars and
concretes, and polymer-modified mortars and concretes used to repair concrete.
Table 4 is based on numerous references (e.g., ACI 77b, ASTM 82, Bil 79, Bul
80, DeP 81, FIP 78, Fur 84, ISO 84, Sca 84, Sch 80, Sch 82a, Sch 82b, War 84,
Whi 68, and the standards and specifications given in table 3). Although the
information in table 4 covers many situations, it is not comprehensive.
Therefore, each structure to be repaired needs to be carefully analyzed on an
individual basis, choosing the appropriate performance requirements, degrada-
tion factors, and properties related to performance from table 4 and adding
any performance requirements, degradation factors, and properties related to
performance as encountered or needed. The properties related to performance
are considered preliminary because their relationship to in-service performance
needs to be established.

-

—

Based on research references, standards, and specifications, a summary of
the more important factors affecting performance is given. A statement of
research needs related to developing performance tests and criteria is also
included. The information in the summary and information derived from
additional research are considered a first step in the process of developing
performance criteria and are intended to serve as a guide in selecting
performance requirements, degradation factors, properties related to perfor-
mance, and relevant existing test methods and their parameters. The repair
materials covered are polymer adhesives, polymer mortars and concretes, and
polymer-modified mortars and concretes which can be used to overlay or repair
portland cement concrete in different types of concrete structures and their
varying environments.

4.3,1 Summary

1. The most important performance requirements are considered to be
(a) the ability of a repair material to bond to its concrete substrate, and
(b) for the repair material, its concrete substrate*, and the bond of the
repair material to its concrete substrate* to withstand all in-service stresses
and strains under the in-service degradation factors (loading, temperature,
moisture, etc.) for the intended life of the repair. The tests associated
with these performance requirements can be classified into tests that simulate
externally applied stresses and strains and those that simulate internally
induced stresses and strains.

LA
P ;'J‘-.J

A
hixhhih]

* The performance requirements of the repair material as related to its
concrete substrate are that the repair material must not cause its
concrete substrate to fail.
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Because of its simplicity and reputedly good precision* (repeatability),
the ASTM slant shear standard test methods (C 882 (ASTM 78d) and C 1042
(ASTM 85)) appear to be excellent screening tests for evaluating the strength
of epoxy-resin bonding systems (C 882) and latex bonding systems (C 1042)
used with portland cement concrete or mortar, The slant shear test also has
the potential for evaluating repair materials not covered by ASTM C 882 and
C 1042, including (!) polymer systems other than epoxy-resin and latex bonding
systems, and (.) overlay materials, such as polymer-modified concrete, where
the overlay material would comprise one-~half of the slant shear specimen.

Pl P §

s b

In addition to the slant shear test, other bond tests {(table 3),
such as tension, shear (direct or "other”), and flexure are important and need
K to be considered because: ]

P e

]
Y
hY
N
-

TR

(a) in some cases, they better reflect the stress state in the structure >
being repaired (e.g., use of flexure test for an in-service pavement in
which the repaired pavement portion is subjected to flexural stress),

LA,

L

P
o, L

5
247
R

;'

. , . p
(b) some of these tests have been used extensively in research E
investigations to measure bond strength (table 3),

(¢) some of these tests are being used, or are being proposed or considered
for use, as standard test methods (see section 4.2.3), and

y o o
L,
ALK

b 5 A

(d) these bond tests can provide information on the strength properties
(tensile, shear, etc.) of the plain repair material as well as its
bond strength to its concrete substrate.

oy

v [ )
o 'l.l"l’l.
R

AL

The bond strength tests should incorporate degradation factors which K
sinulate the expected in-service conditions, including temperature and moisture .
conditions. Depending on the nature of the repair, more than one type of bond

test may need to be used when evaluating repair materials.

e e
L)

7

s Creep related properties (e.g., strength, stiffness, and deformation) )
:c: are important for repair materials, such as polymer adhesives, polymer ::
\j\ mortars, and polymer concretes, which may deform excessively under sustained Y
:’: loading or high temperature or both. When appropriate, creep tests should be b
s considered, including those which measure (1) the creep of the plain repair 5
‘x; material, and (2) the creep of the interface of the repair material at its %ﬁ
:u concrete substrate, such as when hardened concrete is bonded to hardened &
d concrete with a repair material. The appropriate stress state (e.g., tension, r
§;J compression, or shear) and other degradation factors, particularly temperature .:
‘;, and moisture, need to be chosen for the creep tests. Also the appropriate ph
.. magnitude of the load applied (fraction of short-term ultimate load) and the .
= load duration, either short or long term, would need to be determined.
;j}: * See memo of ASTM Committee C-9 dated June 19, 1985 showing round robin test
:-:: recults based on ASTM C 882,
o 30
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/ :g Test Methods Simulating Internally Induced Stresses and Strains -ﬁ
e oo .
! .
Z‘e’ Volumetric changes of the repair material relative to its concrete o
{ substrate (or the concrete substrate relative to the repair material)
KX result in internally induced stresses. Volumetric changes include those 3
o (a) caused by temperature or moisture content changes or both in the repair
9 material relative to its substrate (or changes in the substrate relative to :
b the repair material), and (b) occurring during curing of the repair material >
dog (e.g., shrinkage). ?
A VA S
1
N The ASTM C 884 thermal compatibility standard test method (ASTM 78e) T3
ﬁh; provides information on the effects of thermal cycling in air for an epoxy- \:
:ﬁ resin sand mortar overlay on a concrete substrate. The test, however, does N,
N not: o
i * .
oy ® incorporate the effects of moisture as an agent causing relative Ly
o volumetric changes or other degradation, or causing freeze-thaw "
44 degradation (see 2. below), |
' '\'( WX
At .
fQ}ﬁ ® provide a quantitative measure of the degradation caused by the test )
\ conditions, and :
iy e '
;.¢ ® provide an indication if the induced cracking or delamination is limited f
;Z# to the slab edges or has also occurred in portions closer to the slab o]
508 center. .
7 o
;}‘: The tensile pull-off test (table 3) offers the potential to be used in I,
conjunction with ASTM C 884 to quantitatively measure the degradation of the *
Ve bond strength occurring during thermal _ycling and to determine the bond )
i strength both near the slab edges and closer to the slab center. Reference .;
*, HRS 78 requires tensile pull-off testing after the slab has been thermally A
o cycled in water, salt water, and air, :
8 . ¢
“) The ASTM effective shrinkage test method (ASTM C 883 (ASTM F0b)), while
N providing information on the effects of shrinkage of an epoxy-resin system on "
) a glass plate, does not provide a quantitative measure of shrinkage nor a Q
yﬂ measure of the shrinkage of the epoxy-resin system relative to its concrete b
‘ ? substrate, N
v
’- "
i 2. Temperature and moisture conditions, imposed either before or during -
RN application or inducement of stress and strain, are also considered important n
f¢x degradation factors to be incorporated in test methods. ;
F‘ ~
Wﬁ" Important properties* related to the performance of repair materials \
“&ﬂ subjected to the effects of temperature and moisture include: {
4 70" -
I .
el )
:ﬁ s * Properties related to the concrete substrate are given when the repair W
f-& material can cause its concrete substrate to fail. ’
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Tyt
it (i) resistance of the repair material, its concrete substrate, and the bond }
;I: of the repair material to its concrete substrate to volumetric changes .
Ty resulting from: y
e
&. ® temperature changes (e.g., thermal cycling) —~ caused by 5
oy differences in the coefficient of thermal expansion of the N
;;ﬁ repair material and its concrete substrate (also see 1.
o above). ;
e i
P . : . '\
V) ® changes in moisture content (e.g., wetting and drying cycles) -
S of the repair material and its concrete substrate (also see A
Py 1. above). 4
F o
! f' "
4:; The modulus of elasticity, strain at ultimate stress, and viscoelastic
;?» properties (e.g., relaxation) of the repair material are also important ;
’ in accomodating the volumetric changes which occur between a repair .
. material and its concrete substrate. o
o .
] "y
i\ (ii) liquid water absorption, and the liquid water or water vapor transmission ::
- rates through the repair material and along the interface of the repair N
" material with its concrete substrate s
2.5
P (iii) resistance to freezing and thawing of the repair material, its s
D concrete substrate, and the bond of the repair material to “
T its concrete substrate ey,
Y . . ) .
- (iv) resistance to degradation of the repair material, its concrete X
s substrate, and the bond of the repair material to its concrete )
e, substrate when exposed to liquid water or water vapor. Included .
:. . are the effects of a moisture build-up at or near the bond interface or J
? in the concrete substrate. Examples include: (a) application of a low .
i permeability repair material on a permeable, non-frost resistant concrete b
N substrate resulting in a water build-up in the substrate and increased .
j susceptibility to freeze-thaw damage to the concrete substrate,
" (b) repair material curing on a layer of condensed water which acts as a .
n .
N{H bond breaker, and (c) possible degradation of the mechanical properties '
:?Q of the polymer in the presence of moisture. "
" 5
(St )
" . . :
Sl (v) resistance to excessive deformation - e.g., excessive deforma- ﬁ
.‘ tion caused by stress being applied at a temperature sufficiently 5
i close to the glass transition temperature of the polymer in the =
A repair material. N
% ‘-
ﬁ
f%” Temperature and moisture conditions which simulate the in-service conditions (4
< should be used when determining the above properties. b
.
. ;' 3. Other factors related to performance which need to be considered are: ¢
[ n t
't s
.&j- (a) While the performance requirements, degradation factors, *;
o properties related to performance, and associated tests given in this &v
:- section (4.3.1) are considered the most important, it is still ‘
[} -
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necessary to consider all pertinent performance requirements, degrada-
tion tactors, properties related to performance, and associated test -
methods when developing performance tests and criteria (see table 4).

(b) The actual dimensions of the in-service repair relative to the
dimensions of the test specimen need to be considered. Examples
include: (a) volume of repair material used in the in-service repair
could generate excessive heat resulting in degradation of properties

- as compared to a much smaller volume used in a test specimen, where

- little heat is generated, (b) if a degradation process requires mois-

ture and is controlled by diffusion, then the diffusion of moisture S
o and the corresponding degradation in an in-service repair may differ
;:g from that occurring in a small-dimensioned test specimen, (c¢) similarly,
: d if a degradation process is controlled by temperature, the temperature :
o distribution in the in-service repair may differ from that occurring .

in a small-dimensioned test specimen, and (d) the dimensions of the
repair used in service may differ from those used in a test specimen,

':$ which could result in different stress and strain levels in the in- :;ﬁ
Lo service repair as compared to the test specimen, :{:
A '_:- >'_,' 4
gy (c) The surface and near surface characteristics of the concrete substrate "o
N of the test specimen on which the repair material is applied can e
- significantly affect the bond and should simulate as closely as =
N possible the in-service conditions. Surface and near surface ::‘
tJ characteristics of the concrete substrate which can affect the bond Ny
}j include: moisture, temperature, contaminants, texture and roughness, fﬁf
:{: strength, freeze-thaw resistance, and the ratio of cement paste to r:.
- aggregate, -
{
; : 4, Existing ASTM standard specifications and their bond-related standard }2~
f: test methods for concrete repairs with epoxy-resin systems and latex agents 't{
b and systems (table 3) are useful in developing performance tests and 2{
‘:- criteria for repair materials because the standard specifications ;{;
Y and their standard test methods: =
:J (a) can serve as interim performance criteria for the epoxy-resin e,
,}j systems and latex agents and systems covered until more relevant ih
o performance criteria are developed, o
P e
N (b) reflect, at least to some degree, the in-service performance of W?
t. the epoxy-resin systems and latex agents and systems covered, =
O
t:: (c) have the potential to be modified to include repair materials other
;:— than the epoxy-resin systems and latex agents and systems covered,
\ ;-: and
b (d) have the potential to be modified to retlect in-service

$% conditions (temperature, moisture, stress state, etc,), degradation

: mechanisms, and performance,

L
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f However, the existing ASTM standard specifications and their standard test {:&
o methods may not adequately simulate in-service conditions, degradation ?:
> mechanisms, and performance because: .;uf

® the test conditions may not be closely related to the expected -

LY in-service conditions (see 1., 2., and 3. above), and ! }
~ "'.).
Y )

N ¢ the test methods have not been systematically related to in-service Qx,
hY “n

erformance. e,
16y P {~
f ASTM test methods that have the potential to be used to measure the ;w'
' important properties of plain repair materials (without their concrete J;[

¢ substrates), including those properties related to temperature, moisture, and . \ﬁ

j strength, were not covered in this report. It would appear, however, that g
pertinent ASTM test methods for (a) polymers and plastics, and (b) portland ;f
cement concrete and mortar have the potential to be used or modified to measure Sal
the properties of plain repair materials. (Also see section 4.2.4,) o

:: ‘;u ':

) 4.3.2 Research Needs f:!

>, .

A ]
L (1)
« Consideration should be given to the following research needs: ’fﬁ
N h
¢ 1. The in-service conditions of the structure being repaired should =

be quantified. If possible, the characteristics (e.g., amplitude, 2

- -

- rate*, frequency, number, duration, and sequence) of the cycles of 1{5
- degradation factors (stress, strain, temperature, moistute, etc.) :q~

" that the structure experiences should be quantified. v

' " nd
[4 —
. Environmental conditions (loading, temperature, etc.) could be e
b represented by several "standard” environments, with each "standard” h
[ - environment representing the environment in structures subjected to 'j
<. similar environmental conditions. ﬁ
p* » .' ]
. Q

2. The degradation mechanisms occurring in service for different ?J
= types of repair materials and their concrete substrates should
} be identified and quantified. Quantitative degradation indicators el

. (e.g., bond strength) need to be identified which will define the éﬁ
3 degree of degradation and final failure. The degradation factors of H\i
L temperature and moisture need special consideration, including their ,}N‘
W possible synergistic effects. [aet
R '-.
' 3. Simple and rapid screening tests which simulate in-service conditions, ﬁ.:
Y degradation mechanisms, and performance, should be developed, possibly h&
\ including pilot tests which simulate the degradation factors and
) other in-service factors (e.g., geometry) of the structure being .

repaired. For example, in an evaluation of underwater repair 'Jf
&3 ! '0"
;.. Y
N * "Rate” refers to the rate at which a degradation factor is occurring within W S

) a given cycle - e.g., rate of applying load. thﬁ
' P
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materials (Bil 79), it was discovered using screening tests, that

sume repair materials, which appeared to be effective based on
preliminary small-scale tests, were not effective based on larger-scale
trials.

‘

.‘\l [d

‘l

i
.
-,

. 4
[y

Tests which can be performed both in the laboratory and in the
field should be considered - they would be helpful in establishing
the relationships between laboratory test results and in-service
performance.
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Analytical modeling of repair materials bonded to their concrete
substrates to determine the relative importance of the factors affecting
in-service performance should be conducted (see section 4.3, including
table 4). For example, the effects of small-scale specimen size and
geometry on the stress and temperature distributions and the movement

of moisture at or near the interface of the repair material and its
concrete substrate could be studied. The results for small scale
specimens could be compared with results for repair materials applied

to full-scale, in-service concrete structures.
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Consideration should be given to investigating if the "time-temperature
superposition” technique is applicable for repair materials containing
polymers, such as polymer adhesives, polymer mortars, and polymer
concretes, If the technique is applicable, information based on
short-term experiments conducted at different temperatures could be
used to estimate long term behavior (e.g., creep - see references

Fer 70 and Hri 81).

3

The information in this section (4.3), together with ASTM E 632
(ASTM 82), should be used as a guide in:

(a) modifying existing tests (e.g., ASTM) or developing new
performance tests to quantitatively simulate the in-service
conditions, degradation mechanisms, and performance of
polymer adhesives, polymer mortars and concretes, and
polymer-modified mortars and concretes currently used as
concrete repair materials,

systematically and quantitatively establishing the
relationships of the results of the performance tests (modified
or newly developed in (a) above) to in-service performance, and

establishing performance criteria based on the performance
tests and the relationships of their results to in-service
performance.

The order of importance of the properties which are related
to in-service performance should be established when
modifying or developing performance tests.
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Care should be taken to insure that any accelerated testing

>
simulates the in-service conditions, degradation mechanisms, s
A and performance. H
w W
(
| \
™ ; 5. SUMMARY AND APPLICATION OF FINDINGS q
:'.'j\:; 3
NN This chapter summarizes the more important findings and indicates how N,
AN these tfindings can be used in the process of developing performance tests :
:") and criteria. -
5{{ This report provides the status of information related to the performance "
:}: of materials containing polymers used to repair portland cement concrete, :
ng- including performance requirements, degradation factors, properties related to D
f:;: performance, and pertinent existing test methods and their parameters. Research 3
needs related to developing performance tests and criteria are also given.
The following types of repair materials which contain polymers were covered:
,;uj sealant type materials for repairing active cracks, and polymer adhesives, N
cf:{ polymer mortars and concretes, and polymer-modified mortars and concretes for
’Et% repairing spalls and dormant cracks and for placing overlays. i
\"
27 This report is intended to be the first step in the process of developing
G performance tests and criteria for materials to repair concrete. The informa-
'CN, tion in it can be used as a guide in identifying and selecting (1) the important
‘i}i performance requirements, degradation factors, and properties related to A
o performance, and (2) pertinent existing test methods and their parameters to v
j:, measure the properties related to performance. (Summaries of the factors '
; atfecting performance are given in section 3.3 for sealant type materials used
- to repair active cracks and in section 4.3 for materials containing polymers 3
:ﬁrj used to repair spalls and dormant cracks and to place overlays.)
ar J
;;:i Much research is needed with respect to the details of developing X
o performance tests and criteria. These details are not easily determined because 1
':5 of gaps in existing knowledge and the associated research needs including:
;f;f (a) Although information in the literature was used to identify important :
u}}$ degradation factors (e.g., loading, movement, temperature, moisture, v
E:Sﬁ etc.), the characteristics (magnitude, frequency, etc.) of the
‘:? degradation factors used in laboratory testing cannot be accurately
i~~f established until the in-service environmeantal conditions (loading,
N movement, temperature, moisture, etc.) of the structure to be :
NN repaired are known. One approach would be to establish several «
:n;x “standard” envirouments, with each "standard” environment :
:n A representing the environment in structures subjected to similar ’
Yohy] environmental conditions. :
,"' (b) A lack of information exists on the relationships of laboratory test -
‘QV{ results to in-service performance. The in-service degradation
,.{}‘ mechanisms should be identitied and quantified. Quantitative
:?a? performance tests, which simulate in-service conditions, degradation
.{ji mechanisms, and performance, should be developed (or modified -
¢ X 36
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see (c) below) and the results of these performance tests should
be systematically and quantitatively related to in-service perfor-
mance.

Consideration should be given to developing tests which can be
performed both in the laboratory and in the field - they would be
helpful in establishing the relationships between laboratory

test results and in-service performance. Analytical modeling of the
behavior of the repair materials bonded to their concrete substrates
should also be considered. This modeling may be helpful in
establishing the relative importance of the factors affecting in-
service performance, including degradation factors (stress, strain,
temperature, moisture, etc.,) and other effects, such as size and
geometrical differences between laboratory specimens and in-service
repair installations.

The development of screening tests should be considered which
would simulate in-service conditions, degradation mechanisms,
and performance, yet could be conducted relatively easily and rapidly.

Performance criteria should be established based on (1) the

modified or developed performance tests (including screening

tests, if appropriate), and (2) the relationships of the performance
test results to in-service performance.

(c) The current ASTM and Federal standards and specifications and their
test methods for the repair materials covered may not adequately
simulate the in-service conditions, degradation mechanisms,
and performance of the repair materials. The relationships of these
standards and specifications and their test methods to in-service
performance should be established (see (b) above).

It may be possible to modify the ASTM and Federal standards and
specifications and their test methods to quantitatively simulate the
in-service conditions, degradation mechanisms, and performance of
(1) repair materials currently covered, and (2) related repair
materials currently not covered.

37

AN S AT T P
AT AT )

AT AT LT A R N R A S A A S A S L A S AR EH LR LR R LR URLS
AL L N Y oy N:" P:::: o "Q\v}\‘-":ﬁ\"%}\*x \":Vw-.‘:\’\."'&'\ " -.?:5'-, N
' M’iﬁ LIS, a0 A 40 LRI G0 !'.‘«"’.i! A MR L T X



P S
4% %%
weled

\Pﬁ"

s

1
REFERENCES

5
{'i'l\l o

’.' .l

g
&4

AU

AAS 73 The American Association of State Highway and Transportation
Officials, Standard Method for Testing Epoxy Resin Adhesive, AASHTO
T 237-73 (1982), AASHIO, Washington, D.C., 1973.

The American Association of State Highway and Transportation
Officials, Interim Specification and Recommended Practice for
Fpoxy Resin Adhesives, AASHTO M 235-85I, AASHTO, Washington, D.C.,
1985.

-
s

(3]

[ R B B

i)
NCWAPLENT

~’

ACI, Epoxies with Concrete, ACI Publication SP-21, American
Concrete Institute, Detroit, Michigan, 1968.

a

Vs
]

‘v{‘r‘.‘-

7 r

L7

ACI, Polymers in Concrete, ACI Publication SP-4C, American
Concrete Institute, Detroit, Michigan, 1973.

s

{l

ACI, Guide to Joint Sealants for Concrete Structures, ACI 504R-77,
1985 ACI Manual of Concrete Practice - Part 5, American Concrete
Institute, Detroit, Michigan, 1977, pp. 1-57.

)

N

L
. '.-' -"’." -" ,-.‘!

Gy

ACI, Polymers in Concrete, Reported by ACI Committee 548, American
Concrete Institute, Detroit, Michigan, 1977.

ACI, Polymers in Concrete - International Symposium, ACI SP-58,
American Concrete Institute, Detroit, Michigan, 1978.

ACY, Use of Epoxy Compounds with Concrete, Appendix A, ACI 503R-80,
1985 ACT Manual of Concrete Practice - Part 5, American Concrete
Institute, Detroit, Michigan, 1980.

U.S. Air Force, Standard Practices for Sealing Joints and Cracks in
Airfield Pavements, Chapter 7, in D. Britford (ed.), AF Manual 88-6,
AFM 88-6, Department of the Air Force, Washington, D.C., Jamuary 5,

1983.

.,,
-
A

J. Alexanderson, Polymer Cement Concrete for Industrial Floors,
Proceedings of the Third International Congress on Polymers in
Concrete, Koriyama, Japan, 1981, pp. 360-373.

L3
L

C AR

M. G. Alexander, Towards Standard Tests for Abrasion Resistance of
Concrete. Report on a limited number of tests studied, with a
critical evaluation, Materials and Structures, 18, No. 106, pp. 297~
307 (1985).

QK
A

-~
BN

‘.
‘.
%

"
5%

o

The references cited in this report were generally dencted by an
abbreviation of either the organization {e.g., ACI = American
Concrete Institute) or authors (e.g., AyD = R.S. Ayyar and S. N.
Deshpande) followed by the year of publication.

DOV
ADIAD
l' *. r 0

38

‘l’ oLy ""-""N'-'-'v'_’»:;';',",py—_fw '.1" t‘f-$ "n::.": SNt "-w.‘,nj.‘-\{;-*&';&'\.'" k.‘. o:: A
’ t.‘ "ﬁ“h"l.' Tt i te i taa .'o‘.h‘.'- e it ::'o bttt }".‘om.'- .%"':‘ XORRX “t" '. o ‘:‘M% B




3
L
[

-« P
A »
T

8
»

ASTM 74a ASTM, Standard Specification for Jet-Fuel-Resistant Concrete

Joint Sealer, Hot-Poured Elastic Type, ASTM D 1854-74, ASTM,
Philadelphia, PA, 1974.

ASTM 74b ASTM, Standard Specification for Concrete Joint Sealer, Cold-
Application Type, ASTM D 1850-74 (1979), ASTM, Fhiladelphia,
PA, 1974.

74c ASTM, Standard Specification for Concrete Joint Sealer, Hot-
Poured Elastic Type, ASTM D 1190-74 (1980), ASTM, Philadelphia,

PA, 1974.

76a ASTM, Tentative Specification for Joint Sealant, Hot-Poured,

Elastomeric, Jet-Fuel-Resistant Type, for Portland Cement
Concrete Pavements, ASTM D 3569-76T, ASTM, Philadelphia, PA,

197s.

ASTM 76b ASTM, Standard Specification for latex Sealing Compounds,
ASTM C 834-76 (1981), ASTM, Philadelphia, PA, 1976.

ASTM 78a ASTM, Standard Specification for Joint Sealants, Hot-Poured,
for Concrete and Asphalt Pavements, ASTM D 3405-78, ASTM,

Philadelphia, PA, 1978.

ASTM 78b ASTM, Standard Specification for Joint Sealants, Hot-Poured,

Elastomeric-Type, for Portland Cement Concrete Pavements,
ASTM D 3406-78, AST™M, Philadelphia, PA, 1978.

e ASTM 78c ASTM, Standard Specification for Epoxy-Resin-Base Bonding
§ystems for Concrete, ASTM C 881-78 (1983), ASTM, Philadelphia,
- PA, 1978.

g ASTM 784 ASTM, Standard Test Method for Bond Strenqgth of Epoxy-Resin

) Systems Used with Concrete, ASTM C 882-78 (1983), ASTM,
Philadelphia, PA, 1978.

e .
K. ASTM 78e ASTM, Standard Test Method for Thermal Compatibility Between
L '..'

A

P

5
o
K

e
o

ko
‘I

S

-
AL o)

-
' AP

Ll e

SOOI
“T"":”- "- /l .,l

%o Concrete and an Epoxy-Resin Overlay, ASTM C 884-78 (1983),
Ny ASTM, Philadelphia, PA, 1978.

R ASTM 79 ASTM, Standard Specification for Elastomeric Joint Sealants,
3 ASTM C 920-79, AST™M, Philadelphia, PA, 1979.

st ASTM 80a ASTM, Standard Specification for Joint Sealant, Hot-Poured,

o Jet-Fuel-Resistant Type, for Portland Cement Concrete and
¥ Tar-Concrete Pavements, ASTM D 3581-80, ASTM, Philadelphia, PA,

KT 1980.

39

]

;.: ‘:\.\j-._,,s'\' AT {%ﬁﬁr_- L \pw\r.&a 1,5:. : ‘J"'rg "i& N “‘r}‘_(.‘.“' L XN l\j}.ﬁ\ \.e\ _5; - )Q\l‘: N \"\. v
ALY -.# -s-\. Y Y b \- "-'-'.- N

B A R e S e RSN O T S NG R A R S S

o



ASTM 80b ASTM, Standard Test Method for Effective Shrinkage of Epoxy- ~J
Resin Systems Used with Concrete, ASTM C 883-80 (1983), ASTM, 3

Philadelphia, PA, 1980. '
ASTM 82 ASTM, Standard Practice for Developing Accelerated Tests to Aid =
Prediction of the Service Life of Building Components and Materials, -
ASTM E 632-82, ASTM, Philadelphia, PA, 1982. 2
ASTM 85 ASTM, Standard Test Method for Bond Strength of Iatex Systems
Used with Concrete, ASTM C 1042-85, ASTM, Philadelphia, PA, 1985. :
ASTM 86 ASTM, Standard Specification for Iatex Agents for Bonding Fresh
to Hardened Concrete, ASTM C 1059-86, ASTM, Philadelphia, PA, 1986. :}
AyD 81 R. S. Ayyar and S. N. Deshpande, Creep Studies on Polymer Mortars, g
Proceedings of the Third Intermational Congress on Polymers in A
Concrete, Koriyama, Japan, 1981, pp. 504-523. =
%
h-;}; AyD 84 R. S. Ayyar and S. N. Deshpande, Creep Studies of Polymer Mortar, .
e Proceedings of the Fourth Intermational Congress on Polymers in ¥
NS Concrete, Darmstadt, Germany, 1984, pp. 487-493. bl
SnSs :
"0‘_ Bar 82 R. A. Bares (ed.), Plastics in Material and Structural :
N Engineering, Proceedings of the ICP/RILEM/IBK International Sympo- R
o sium, held in Prague, Czechoslovakia, June 23-25, 1981, Elsevier 4
:-;.j North-Holland, Inc., New York, New York, 1982. .
\1’:- '«
N Bec 76 J. W. Becker, 0il and Resin Base (Oleoresinous) Caulking Compounds, -
! in J. Panek (ed.), Building Seals and Sealants, ASTM STP 606, ASTM, —
s Philadelphia, PA, 1976, pp. 3-10. ;
il
K Bee 80a J. C. Beech, The Performance Concept and Jointing Products-1, ::
:’f} Building Research and Practice, 8, No. 3, pp. 158-168 (1980). :,
D) Bee 80b J. C. Beech, The Performance Concept and Jointing Products-2,
A Building Research and Practice, 8, No. 4, pp. 212-221 (1980). t
-u:: "
oy Bee 85 J. C. Beech, Test Methods for the Movement Capability of Building ]
s, Sealants. The "State of the Art", Materials and Structures, 18, 0
20t No. 108, pp. 473-482 (1985). .
®
::"' BeT 82a J. C. Beech and C. H. C. Turner, Cyclic Joint Movements. Impli- -3
L) cations for Sealant Testing, Building Research and Practice, 11, K
-‘2 No. 5, pp. 287-291 (1983). ;
N BeT 83b J. C. Beech and C. H. C. Turner, Cure of Elastomeric Building :
19, - Sealants, Journal of Chemical Technology and Biotechnology, 33A, :
D4/ b
pp. 63-69 (1983). !
,.::‘. v
L)
[) .
)
NI A
: 40 -
J“J ‘
. 8
~
2% N
>
Q) )
¢ <
L ) ‘ , . .n
I." RPN ‘){fi:-' .:;:'a“i'_:\;:.r :_ ,:.»:.r?_’w"'a “.‘\. W _\::: l :N.;\J‘.r Y, ‘.A“‘.AE.Q_ ‘V“):w:.r:}".)-"w" ‘\}-*‘}:i o0
2 " 'F » . .'l. .0 l.‘."."t ‘b‘o 0 n 'o Wy ::“.c '\“‘O 'q s -“ .‘.I'» !‘pt l‘ AR RN ‘.



BT
{
i
f
i
)
!
L
i
1
t
i
1
[
i
1
i
[
i
[
i
{
f
1

a5l

;
¥ _&: BHG 70 D. R. Bloss, S. J. Hubbard, and B. H. Gray, Development and
N3 Evaluation of a High-Strength Polyester Snythetic Concrete,
-,;{: U.S. Army Construction Engineering Research Laboratory, CERL
Nl Technical Report M-2, Champaign, Illinois, 1970.

_."-, Bil 79 C. J. Billington, The Underwater Repair of Concrete Offshore
; \:’:: Structures, Proceedings of the 11th Anmual Offshore Technoloqy
Vo Conference, Houston, TX, April 30-May 3, 1979, Vol. 2, pp. 927-937.
-

S Bol 76 L. Boller, Polysulfide Sealants, in J. Panek (ed.), Building Seals
N N and Sealants, ASTM STP 606, ASTM, Philadelphia, PA, 1976, pp. 40-
X .;q, 53.

w o

::j Bra 84 A. Bradbury, laboratory Evaluation of Concrete Patching Materials,
;-_ Ministry of Transportation and Cammnications, Mi-67, Ontario,

h Canada, 1984.
g Bul 80 R. E. Bullock, Factors Influencing Concrete Repair Materials,

A Concrete Repair and Restoration, ACI Compilation No. 5, American

:..:j Concrete Institute, Detroit, Michigan, 1980, pp. 49-50.
o Bur 80 P. G. Burstrom, Durability and Aging of Sealants, in P. J. Sereda and
T G. G. Litvan (eds.), Durability of Building Materials and Components,
12 ASTM STP 691, ASTM, Philadelphia, PA, 1980, pp. 643-657.

‘-’_".

iti BuR 83 Bureau of Reclamation, Standard Specifications for Elastomeric
P Canal Joint Sealer, U.S. Department of the Interior, M~41, Denver,
P Colorado, August 1, 1983.
0 Can 67 F. Canovas, (Effects of ) Temperature Changes on Epoxy Pavements,

7

Informes de la construccion (Madrid), 19, No. 189, pp.87-97
(1967) , modified English summary accampanying original article.

¥

& g b G NS o

LY
o

.,
e Cau 84 F. E. Causey, Preliminary Evaluation of a Tension Test for Concrete
4_1% Repairs, Bureau of Reclamation, Report No. GR-83-14, Engineering and
N: Research Center, Denver, Colorado, 1984.
'\-::'
\4-: CBH 60 S. M. Cardone, M. G. Brown, and A. A. Hill, Latex-Modified Mortar in
s the Restoration of Bridge Structures, Repair of Structures and Pave-
:" ment by Thin Concrete Patching, Highway Research Board Bulletin 260,
s Washington, D.C., 1960, pp. 1-13.
1o
'1: CchC 63 B. Chojnacki and H. Chyc, An Evaluation of Concrete Repair
;‘. : Materials, Department of Highways, Technical Report No. 36,
\.::‘. Materials and Research Division, Ontario, Canada, 1963.
i
s ChL 77 H. W. chung and L. M. Lui, Epoxy-Repaired Concrete Joints, Journal
e of the American Concrete Institute, 74, No. 6, pp. 264-267 (1977).
”
o
:, -
i
N j'u 41
e

~JJ

W L i . "
e -"'-."‘-1."' '*‘\.

e

T s 2% T
L J'Nﬁ_‘ ot : ;\a .': : )\( .(-&..r I Pe]
ot *e“ ‘.a- .-“.r‘.»" Dipme ity
) oSN -. ,'o.io,tal

—‘ b
~."\." "' ”‘-."‘\"-:

ARy

lo_u.u.o.’




e ‘
N
L] < ‘.-
s ChL 78 H. W. Chung and L. M. Lui, Epoxy-Repaired Concrete Joints Under 4
N Dynamic Ioads, Journal of the American Concrete Institute, 75, No. 7, :".a-
N pp. 313-316 (1978). %
oy by’
M Cho 60 B. Chojnacki, An Evaluation of Concrete Bonding Agents, Department b,
{ of Highways, Report No. 22, Materials and Research Section, Ontario, -
/ Canada, 1960. ]
: C: CoC 84 Nonshrink Hydraulic Cement Mortars and Grouts, Concrete X 0
3 Construction, 29, No. 10, pp. 893-898 (1984). {;
Wa! (2%
‘ CRD 85 Department of the Army, Method for Determining the Strength of
AT Bond by the Point-Ioad Tensile Test, CRD-C 85, in review, being e
S considered for inclusion in Corps of Engineers' Handbook of g
N Concrete and Cement. o
K -_(‘. "",-1
: CSP 84 M. M. Choudhary, A. K. Sathe, S. T. Paliwal and S. L. Mokhashi, L
Epoxy Grouting of Cracks in Concrete, Indian Concrete Journal, —
7 58, No. 1, pp. 4-10 (1984). “)
b4 2
/ :: CST 82 Concrete Society, Non-Structural Cracks in Concrete: Report e
B of a Concrete Society Working Party, Concrete Society Technical h
N Report No. 22, london, England, 1982. :
TS', CuK 77 R. W. Cusick and C. E. Kesler, Behavior of Shrinkage-Compensating
25 Concretes Suitable for Use in Bridge Decks, Final Summary Report, 3
. Department of Theoretical and Applied Mechanics T. & A. M. Report -
N No. 416, University of Illinois, Urbana, Illinois, 1977. ;:;
, DaB 78 R. A. Davey and I. M. Boserio, ion Admixture for Masonry Wall N
j o Infill Grouts, Central laboratories, Report No. 4-78/1, Ministry of by
2 Works and Development, New Zealand, 1978.
5
= DaD 34 R. E. Davis and H. E. Davis, Bonding of New Concrete to 0ld at o:
" Horizontal Construction Joints, Proceedings of the American et
J Concrete Institute, 30, pp. 422-436 (May-June, 1934). -
e et
o Deg 84 R. Degeimbre, Select.on o. Polymeric Formulations for Protection, o
: . Repair and Reinforcement of Concrete Structures, Proceedings of the :
- Fourth International Congress on Polymers in Concrete, Darmstadt, 1)
_f Germany, 1984, pp. 479-482. by
e DeP 81 G. W. DePuy, Standardization of Tests for Concrete Polymer Materials, 3
oY Proceedings of the Third Internmational Congress on Polymers in f
"-3:: Concrete, Koriyama, Japan, 1981, pp. 111-122. :::
‘h' 'J‘
g EaH 71 R. D. Eash and G. M. Hart, Latex Modification of Fast-Fix C-1 .
2 Cement for the Rapid Repair of Bomb-Damaged Runways, U.S. Army '
e Engineer Waterways Experiment Station, Contract Report C-71-1, J
E:'.'o Vicksburg, Mississippi, 1971. ~
D.. ] "'
0 ¢
o 42
S ‘I I
v ¢
X ]
\ t\r.
’*."J-".-‘ N AR RN .r".r N N N A AN A e A AT WA W e '.b"- NS .r“: AT A -\! J‘a A
\q"qf'&_r\.’ ’\\ '\-'\- Jﬁ-‘_ ‘\"\-‘.‘-v, ,“‘, \J/\ "-( \ -“\-‘- 4,, '[, ), -
h ) ‘-‘h ) 'H'\'\-\v-'\ '-\'\l \-\'\- "u e \'-'\"-5
gb‘ nl .*" “'.l"h N..' ..,-.qt. . .'-...'n‘|.¢ ‘\AAl‘n. "). W279,99,8 0, N %"u 5 } ",



- Eis 85a W. O. Eisenhut, The Significance of the Glass Transition (Heat

Deflection) Temperature in the Civil Engineering Use of Epoxy
Adhesives, presented at Transportation Research Board Meeting

N (Camittee A3C14), Washington, D.C., Jamuary 14, 1985.

y Eis 85b W. O. Eisenhut, Behavior of Polymer Adhesives in Concrete
” Structures, presented at 1985 Annual Convention of the American

A Concrete Institute, Denver, Colorado, March 24-29, 1985.

, Eva 80 R. M. Evans, Evolution of Sealant Durability Testing, Adhesives Age,
i 23, No. 11, pp. 31-38 (1980).

\

o EVG 76 R. M. Evans and R. B. Greene, Urethane Sealants, in J. Panek (ed.),
Building Seals and Sealants, ASTM STP 606, ASTM, Philadephia, PA,

! 1976, pp. 112-133.

EvG 81 R. M. Evans ard R. B. Greene, Urethane Sealants for Concrete

. Structures, Joint Sealing and Bearing Systems for Concrete

X Structures, ACI Publication SP-70, American Concrete Institute,
L Detroit, Michigan, 1981, pp. 983-996.

EvT 85 R. Evans and L. H. Torporcer, Developing an International
F Durability Test Method, Adhesives Age, 28, No. 5, pp. 24-26
. (1985) .

FaH 85 N. I. Fattuhi and B. P. Hughes, Testing Repair Materials for
{ Concrete Cracks, Durability of Building Materials, 3, No. 1,
N pPp. 59-64 (1985).

Fat 83 N. I. Fattuhi, Two Simple Techniques for Testing the Performance
of Repair Materials for Concrete Cracks, Magazine of Concrete
Research, 35, No. 124, pp. 170-174 (1983).

. FED 69 Federal Specification, Sealing Compound: Elastomeric Type,
. Multi-Component (for Calking, Sealing, and Glazing in Buildi

and Other Structures), Interim Federal Specification TT-S-
. 00227E (COM-NBS), Washington, D.C., November 4, 1969.

) FED 70b Federal Specification, Sealing Compound: Elastomeric Type,

K Single Component (for Calkindg, Sealing, and Glazing in
Buildings and Other Structures), Interim Federal Specification
TT-S-00230C (COM-NBS), Washington, D.C., February 2, 1970.

® o

J

c‘::l

.'.O

D]
: 3

i

I, )
(Pl i, TIPSR AORIATE NG 18, 5 B RS AR » MR O U SN N 'J' J"\" o AT NI VR TS XY ~ '\.

brdass .-f.- il R .",k g ‘.:j}a i Q\ Cf{\_\v }-; T oA -".:n"\r\r\::\-ﬁ‘& N xﬂ*tr,_w N
LAl ” " Ak V’ LA ‘\'b.'i“.‘ " Ny "J,._.?O.’J:"Q.,h b, »'.‘l'., .0¢ l‘n‘ “‘l‘.u‘. ™ "0‘ “t'.‘»"‘r‘ P i R N g M M Yy WY



70c Federal Specification, Sealing Compound--Single Corponent, Butyl
Rubber Based, Solvent Release Type (for Buildings and Other
Types of Construction), Interim Federal Specification TT-S-001657
(COM=NBS) , Washington, D.C., October 8, 1970.

Federal Specification, Sealing Compound: Silicone Rubber Base (for
Calking, Sealing, and Glazing in Buildings and Other Structures),
Interim Federal Specification TT-S-001543A (OOM-NBS), Washington,
D.C., June 9, 1971.

Federal Specification, Sealants, Joint, Two~Component, Jet-Blast-
Resistant, Cold-Applied, for Portland Cement Concrete Pavement,
Federal Specification SS-S-200E, Washington, D.C., August 15, 1934.

Federal Specification, Sealant, Joint, Non-Jet-Fuel-Resistant, Hot-
Applied, for Portland Cement and Asphalt Concrete Pavements, Federal
Specification SS-5-1401C, Washington, D.C., August 15, 1984.

Federal Specification, Sealants, Joint, Jet-Fuel-Resistant, Hot-
Applied, for Portland Cement and Tar Concrete Pavements, Federal
Specification SS-3-1614A, Washington, D.C., August 15, 1984.

E. J. Felt, Resurfacing and Patching Concrete Pavements with Bonded
Concrete, Proceedings of the 35th Annual Meeting of the Highway
Research Board, Washington, D.C., January 17-20, 1956, pp. 444-469.

21
.
.

1

]

L

v

E. J. Felt, Repair of Concrete Pavement, Journal of the American
Concrete Institute, 32, No. 2, pp. 139-153 (1960).

.
¥

1]
' 5' L= '.' '1"' h ]

N
. a4

!

J. D. Ferry, Viscoelastic Properties of Polymers, 2nd edition,
John Wiley and Sons, Inc., New York, New York, 1970.

“ -" -\ .\y." .

-

F1P, Proposal for a Standard for Acceptance Tests and Verification of
Epoxy Bonding Agents for Segmental Construction, Federation
Internationale de la Precontrainte, No. FIP/9/2, March, 1978.

EE.
-
.

P S
.';‘:’;"11_;

J. I. Fry and R. S. Whitney, The Natural Weathering of Sealants in
Cyclic Movement Testers, Building Research Association of New
Zealand, Technical Paper P26, Judgeford, New Zealand, 1979.

e,
o

e '

H. L. Furr ard L. L. Ingram, Concrete Overlays for Bridge Deck
Repair, Bridge Design, Construction, and Repair, Highway Research
Board, Highway Research Record No. 400, Washington, D.C.,1572, pp.
93-104.

4..Q.< -
SO @ PSS,

H. L. Purr, Highway Uses of Fpoxy With Concrete, Transportation
Research Board, National Cooperative Highway Research Program,
Synthesis of Highway Practice 109, Washingtcn, D.C., 1984.

AR i
a s 8 3 5 334

g

FONNG @ Fapr e s iu



- e
oo
"y
g L

-

-
4«

“

o
Mg e,
s Gi1l 65 R. W. Gillette, A 10-year Report on Performance of Bonded Concrete
N Resurfacings, Highway Research Record No. 94, 1965, pp. 61-76.
- -
v Gio 84 C. Giovannoni, Polymer Compounds for Underwater and Splash Zones o
- large Scale Restoration, Proceedings of the Fourth International
oo Congress on Polymers in Concrete, Darmstadt, Germany, 1984, . \.
pp. 363-365.
\:, et
- o
YA GPD 80 R. K. Ghosh, Y. R. Phull, M. Dinakaran and C. S. Pant, Accelerated o
. Weathering Tests of Synthetic Resin Repairs for Concrete Pavement, <
' Journal of the Colour Society, 19, No. 2, pp. 91-97 (1980). oe
o GPP 76 R. K. Ghosh, Y. R. Phull, and C. S. Pant, Repair of Concrete :::
e Pavements Using Synthetic Resins, Indian Roads Congress Journal, »
- 37, No. 3, pp. 383-453 (1976). y
] .
, GPP 78 R. K. Ghosh, Y. R. Phull and C. S. Pant, Special Aspects of Resin o1
- Mortars for Cement Concrete Pavement Repairs, Polymers in Concrete- e
o International Symposium, ACI Publication SP-58, American Concrete -
% Institute, Detroit, Michigan, 1978, pp. 103-122. o
-:_ \.-
» GrK 74 D. Grenley and L. Kuh.mann, Chemical Resistant Resurfacing Mortar "
2 for Industry, ASCE Journal of the Construction Division, 100, —
- No. 002, pp. 133-140 (1974). NG
\. Y J
. " O
o GSP 69 R. K. Ghosh, K. L. Sethi, and C. S. Pant, Synthetic Resins for 4
O Concrete Repairs, Australian Road Research, 4, No.l, pp. 50-68, =)
< (1969) . ]
{ =4
‘o Han 72 D. J. Hannant, The Tensile Strength of Concrete: A Review Paper, ::.
Y The Structural Engineer, 50, No.7, pp. 253-258 (1972). ~4
L B
=~
:: Hri 81 J. Hristova, Behaviour of Polyester Polymer Concrete at Temperature =
‘ up to 70 degrees C, Proceedings of the Third International Congress N
; on Polymers in Concrete, Koriyama, Japan, 1981, pp. 790-799. &
. R
':c ’ HRS 78 Highway Research Society, Patching of Deteriorated Concrete Surfaces \'
f:, . and Edges with Reaction-Resin Mortars, Bulletin on Upkeep and Repair N
“y of Concrete Carriageway Pavements (MIB), 1978 edition, Concrete High- :
g way Working Group (originally in German, translated by Bureau of o
- Reclamation, Engineering and Research Center, Denver, Colorado, 2.3
v English Translation No. 1869, June, 1983). .t"
- :'-:
::: Hug 76 F. Hugenschmidt, Epoxy Adhesives for Concrete and Steel, Proceedinis o
oN of the First Intermational Congress on Polymers in Concretes, London, Ny
'; England, 1976, pp. 195-209. )

"J
Pl

» v
Pa'e

LN
o

A )
3

w» ~

45 4




Pl
LR

/

',

Yy

:.."-I >

/
RO

< =
Pal
a0

P
&
@

L
LAY

sar 0,
el

o~y

‘ l.. |l' l(. l‘. .I‘.I

&)}/2)333

s
L&

nL LT,
PSS
L S S A

R

E AN

AN R

v

- e g
P4

P

.‘*‘.‘
b AR A

4 L RSO
DAL JOUECERR

» "1‘!

ren

Hug

Ino

IS0

JeD

Joh 5

Jch

Joh

Joh -

31

63

F. Hugenschmidt, New Experiences With Epoxies for Structural
Appiications, Intermational Journal of Adhesion and Adhesives, 2,
No. 2, pp. 84-96 (1982).

Proceedings of the First International Congress on Polymers in
Concrete, held in London, England, May 5-7, 1975.

Proceedings of the Second International Congress on Polymers

Proceedings of the Third International Congress on Polymers in
Concrete, held in Koriyama, Japan, May 13-15, 1981.

ICPIC, Pruceedings of the Fourth International Congress on Polymers

in Concrete, held in Darmstadt, Germany, September 19-21, 1984.

3. Inoue, Durabilities of Cold Setting Epoxy Resin Mortars, Pro-
ceedings of the First International Congress on Polymers in Concrete,
London, England, 1976, pp. 191-194.

International Organization for Standardization, Joints in Building -
General Check-list of Joint Functions, ISO 3447-1975(E), ISO, Geneve,

Switzerland, 1975 (available from ANSI, New York, New York).

Intermational Organization for Standardization, Performance Standards

,'I{"l‘li"‘rl r's f“.r. r‘: L 4 3

R s
'

Y v ¥ 3

in Puilding - Principles for Their Preparation and Factors to be
Considered, ISO 6241-1984(E), ISO, Geneve, Switzerland, 1984 (avail-
able from ANSI, New York, New York).

) RN P

Japanese Industrial Standard, Epoxy Injection Adhesives for Repairing
in Ruildings, JIS A 6024-1981, JIS, Tokyo, Japan, 1981 (available
from ANSI, New York, New York).

A. H. Johnston and G. I. H. Drewett, The Use of Epoxy Adhesives
with Concrete, New Zealand Engineering, 21, No. 3, pp. 126~-132
(1966) .

H. Johns, New Device Tests Contraction Joint Sealer, ASTM Bulletin
Mo. 232, September, 1958, pp. 67-68.

R. P. Johnson, Glued Joints for Structural Concrete, The Structural
Engineer, 41, No. 10, pp. 313-321 (1963).

R. P. Johnson, Creep Tests on Glued Joints, Proceedings of the
Conference on Industrialised Building and the Structural Engineer,
nst. Struct. Engrs., London, England, 1967, pp. 143-147.

R. 2. Johnson, The Properties of an Epoxy Mcrtar and Its Use for
Structural Joints, The Structural Engineer, 48, No. 6, pp. 227-233
(197G) .

46

Gy RRRCIRTGe
NS L

'+ *f'. A

r YT vy Y.«
e

SR

sl



RS

.,:U

a:

O

L . . . f .
_‘:‘,‘: JSs 82 A. B. Joshi, R. Singh and R. N. P. Singh, Epoxy Resin as Bonding
n Agent for Concrete Repairs Under Water, Indian Concrete Journal,

s 56, No. 12, pp. 322-323 (1982).

{ .' Kar 68 K. K. Karpati, Literature Survey of Sealants, Journal of Paint
- Technology, 40, No. 523, pp. 337-347 (1968).

~

N Kar 72a K. K. Karpati, Mechanical Properties of Sealants: I. Behavior of
. Silicone Sealants As a Function of Temperature, Journal of Paint
Technology, 44, No. 565, pp. 55~-62 (1972).

ot Kar 72b K. K. Karpati, Mechanical Properties of Sealants: III. Performance
::x:: Testing of Silicone Sealants, Journal of Paint Technology, 44, No.
S 571, pp. 75-85 (1972).

A

i Kar 73 K. K. Karpati, Mechanical Properties of Sealants: IV. Performance

oy Testing of Two-Part Polysulfide Sealants, Journal of Paint
N Technology, 45, No. 580, pp. 49-57 (1973).
-
e Kar 78a K. K. Karpati, Device for Weathering Sealants Undergoing Cyclic
NN Movements, Journal of Coatings Technology, 50, No. 641, pp. 27-30

3 (1978).

"."‘a .
)

Kar 78b K. K. Karpati, New Test Method for Resistance to Water Immersion,
Journal of Coatings Technology, 50, No. 644, pp. 66-69 (1978).

k Kar 79 K. K. Karpati, Development of Test Procedure for Predicting
{ Performance of Sealants, in R. B. Seymour (ed.), ACS Symposium on
Plastic Mortars, Sealants, and Caulking Compounds, American Chemical

;Ej; Society, Honolulu, Hawaii, April, 1979, pp. 157-179.
l—).‘
;;j.:- Kar 80a K. K. Karpati, Weathering of Silicone Sealant on Strain-Cycling
' Exposure Rack, Adhesives Age, 23, No. 11, pp. 41-47 (1980}.
o Kar 80b K. K. Karpati, New Testing Methods for Sealants, in P. J. Sereda and
oA G. G. Litvan (eds.), Durability of Building Materials and Comrponents,
o ASTM STP 691, ASTM, Philadelphia, PA, 1980, pp. 658-669.
S
::::- Kar 84a K. K. Karpatl, Quick Weathering Test for Screening Silicone
.‘ Sealants, Journal of Coatings Technology, 56, No. 710, pp. 29-32
o (1984).

T

K. K. Karpati, Investigation of Factors Influencing Outdoor
Performance of Two-Part Polysulfide Sealants, Journal of Coatings

g‘ -t,.v“ l“ s
Qs
=
o3

P A T
Y

s Technology, 56, No. 719, pp. 57-60 (1984).
[ ]
Y ¥ar 83 K. K. Karpati, Testing Polysulfide Sealant Deformation on Vises,
:-,.j Adhesives Age, 28, No. 5, pp. 18-22 (1985).
Y
&y
I,\'-l
’
« el
-y
7 47
S~
JEN
b
-’:/
O
P>,
0
7
f - R, M e m & t e m A m o= L T T U VI ST S Y - » -
'r'.}-:'.r"': T R R T e T N L e W T N L N S AN T
DA R A AT MO R \\\‘,\;
o Ene " P S daN AN
- e — K Y Y PRI IS i



P |

PR 2!

o Kas 76a K. K. Karpati and P. J. Sereda, Joint Movement in Precast Concrete
Panel Cladding, Journal of Testing and Evaluation, JTEVA, 4, No. 2,

.

' pp. 151-156 (1976).
{ KaS 76t K. K. Karpati and P. J. Sereda, Measuring the Behavior of Expansion
I- Joints, Building Research and Practice, 4, No. 6, pp. 346-354 (1976).
::::: Kio 80 J. M. Klosowski, Comparison of National Specifications for Silicon
o Sealants, in P. J. Sereda and G. G. Litvan (eds.), Durability of
h 7~ Building Materials and Components, ASTM STP 691, ASTM, Philadelphia,
\ FA, 1980, pp. 670-677.
W
'};\. Kol 76 K. Kobayashi and T. Ito, Several Physical Properties of Resin
:: Concrete, Proceedings of the First International Congress on Polymers
J-,_ in Concrete, london, England, 1976, pp. 236-240.
Av,
Kra 67 H. Krak, Cracking of Concrete and the Influence on Epoxy Resin
i Based Coatings, RILEM Symposia - Synthetic Resins in Building
o Construction, Paris, France, 1967, Vol. 2, pp. 401-409.
™)
’,‘.i
LN Kri 76 J. D. Kriegh, Arizona Slant Shear Test: A Method to Determine
Vs Epoxy Bond Strength, Journal of the American Concrete Institute,
o 73, No. 7, pp. 372-373 (1976).
N ¥Kili 68 J. D. Kriegh and G. M. Nordby, Methods of Evaluation of Epoxy
. Compounds Used for Bonding Concrete, Epoxies with Concrete, ACI
Publication SP-21, American Concrete Institute, Detroit, Michigan,
’- 1968, pp. 107-118.
o ¥S3 77 K. K. Karpati, K. R. Solvason, and P. J. Sereda, Weathering Rack for
:-j.: Sealants, Journal of Coatings Technology, 49, No. 626, pp. 44-47
¢ (1977).
£ ."‘
k.- [eR 72 H. Lerchenthal and I. Rosenthal, Changes in Some Characteristics of
Polysulphide~-Based Joint Sealants in Accelerated Aging Tests,
’.j.;; Materials and Structures, 5, No. 29, pp. 323-330 (1972).
3
.:5.; Lev 82 M. levitt , Precast Concrete: Materials, Manufacture, Properties
o and Usage, Elsevier Applied Science, New York, 1982, NY, 1982, pp.217-225.
“
_‘,_. Liu 80 T. C. Liu, Maintenance and Preservation of Concrete Structures,
o Report No. 3, Abrasion-Erosion Resistance of Concrete, U.S. Army
o Ingineer Waterways Experiment Station, Technical Report C-78-4,
4 Vicksburg, Mississippi, 1980.
.- L4124 A, E. long and A. McC. Murray, The "Pull-Off" Partially Destructive
Test for Concrete, in V. M. Malhotra (ed.), In Situ/Nondestructive
Testing of Cencrete, ACI Publication SP-82, American Concrete
O Inctitute, Detroit, Michigan, 1984, pp. 327-350.
48
F.2.
"y
4 .
s
) ~ A
LA
\f
o
R
"':-_'(_.r'J".a‘f"..-'.r'.-'.f'.f’-".-'.f' P o o I T A i T R A A N T A O T S e R TR R T R T W o
....... T A R NN AR SO

e A SR BN

N Dl B0 B0 20 M) »



r

L MY
fl
A )
MaC 74 R. G. Mathey ard W. C. Cullen, Preliminary Performance Criteria
for Bituminous Membrane Roofing, National Bureau of Standards, -;Zx
o Building Science Series No. 55, Washington, D.C., 1974. il
.
“, MAE 85 M. P. Mecklenburg, P. Albrecht and B. M. Evans, Screening of Cate
- Structural Adhesives for Application to Steel Bridges, Federal o
-.: Highway Administration Report No. FHWA/RD-86/037, Office of A5
N Research, Development and Technology, Mclean, VA, 1985. gy
o .\,'\.
Ly
v MaO 85 M. A. Mansur and K. C. G. Ong, Epoxy-Repaired Beams, Concrete o
' International, 7, No. 10, pp. 46-50 (1985). ,
Y \,‘t
[ L%
N MBE 81 P. S. Mangat, R. Baggott, and D. A. Evans, Creep Characteristics e
S of Polymer Modified Concrete Under Uniaxial Compression, Proceedings NN
P of the Third Intermational Congress on Polymers in Concrete, oy
: Koriyama, Japan, 1981, pp. 193-208. o
=
. . . 5
- McC 81 L. H. McCurrich and N. R. Cook, Airfield and Road Pavement Use in =
the U.K. of High Performance Coal Tar Pitch PVC Joint Sealants, and e
- a Comparison of U.K. and ASTM Standards, Joint Sealing and Bearing o
o Systems for Concrete Structures, ACI Publication SP-70, American '.:}.
. Concrete Institute, Detroit, Michigan, 1981, pp. 669-689. .
< T
3
MOM 80 Y. Matsumoto, T. Ono, and T. Maruichi, Fatigue and Movement Capa- N
bilities of Field-Molded Sealants, in P. J. Sereda and G. G. Litvan 5
(eds.), Durability of Building Materials and Components, ASTM STP .
i 691, ASTM, Philadelphia, PA, 1980, pp. 678-686.
,( ' Mra 76 J. S. Mraz, Solvent-Base Acrylic Sealants, in J. Panek (ed.), e
. Building Seals and Sealants, ASTM STP 606, ASTM, Philadelphia, FA, ol
. 1976, pp. 78-86. e
! ..
(- MGF 84 D. Macadam, K. Smith, D. W. Fowler, and A. H.Meyer, Evaluation of o
i Rapid-Setting Concretes, International Symposium on Mechanical i
Properties of Special Concrete, Transportation Research Board, ¥
K- Transportation Research Record 1003, Washington, D.C., 1984, mp. o
. 19-28. ::::
'_:j av 34 E. G. Nawy, Shear Transfer in Two-layer Composite Systems, _i
i Internaticnal Symposium on Mechanical Properties of Swmecial Concrete, =
3 marsoortd‘ ion Research Board, Transportaticn Research Record 1003, ,
. washingten, D.C., 1384, pp. 28-33. T
s ™
| N NCH 77 laticnal Cooperative Highway Pesearch Program, Rapid-Setting Ol
' Materials for Patching of Concrete, Transportatlon Research Board,
[ Synthesis of Highway Practice 4%, Washington, D.C., 1977.
. NCH 79 National Cooperative Highway Research Program, _Failure and Repair of
- Continuously Reinforced Concrete Pavement, Transportation Research
- Board, Synthesis of Highway Practice 60, Washington, D.C., 1979.
e 49
N4
R~
N
s
R
o

J‘-r"('v}‘ w""i.'
'\ LSt \\f\,t \.J, X

A .' W : v
-.- -.‘ . e ;

! ' ) ‘h
R [ -.' & Dl A L) e S ToM",



Y
LS

. s
Ll
[N}
L]

L4
A
s

@
)

’I

NCH

Zha

OKY

Pan

Fan -

82

76

81

> 79

[Np]
4

National Cooperative Highway Research Program, Resurfacing with Port-

land Cement Concrete, by R. L. Hutchinson, Transportation Research
Board, Synthesis of Highway Practice 99, Washington, D.C., 1982.

Y. OChama, Adhesion Durability of Polymer-Modified Mortars Through
Ten-Year Outdoor Exposure, Proceedings of the Third International
Congress on Polymers in Concrete, Koriyama, Japan, 1981, pp. 209-221.

Y. Ohama, Polymer-Modified Mortars and Corcretes, in V. S.
Ramachandran (ed.), Concrete Admixtures Handbock, Noyes
Publications, Park Ridge, NJ, 1984, pp. 337-429.

K. Okada and S. Nishibayaschi, Some Considerations on the Factors
Influencing the Fpoxy Bornding Strength in the Flexure Test of
Concrete, RILEM Symposia - Synthetic Resins in Building Construction,
Paris, France, 1967, Vol. 2, pp. 448-456.

K. Okada, W. Koyanagi, and T. Yonezawa, Thermo-Dependent Properties
of Polyester Resin Concrete, Proceedings of the First International
Congress on Polymers in Concrete, London, England, 1976, pp. 210-
215.

K. Okada, S. Morita, and W. Koyanagi, Methods of Test for Polymer
Cement Motar, Proceedings of the First International Congress on
Polymers in Concrete, Londen, England, 1976, pp. 131-136.

Y. Ohama, S. Suzuki, and Y. Izumi, Incombustibility of Polymer-
Modified Mortars, Proceedings of the Third International Congress
on Polymers in Concrete, Koriyama, Japan, 1981, pp. 222-233.

C. E. Pace, The Structural and Durakility Properties of Variocus
Concrete PRepairs, U.S. Armmy Engineer Waterways Experiment Station
Miscellaneous paper SL~79-20, Vicksburg, Mississippi, 1979.

J. R. Panek arnd J. P. Cook, Construction Sealants and Adhesives,
2nd Edition, Jahn Wiley and Sons, New York, New York, 1984.

S. S. Painter, Chlorosulfonated Polyethylene Sealants, in J. Panek
(ed.), Building Seals and Sealants, ASTM STP 606, ASTM, Philadelphia,
PA, 1976, pp. 87-97.

J. R. Panek, A Review of Sealant Specifications Throughout the World,
in J. Panek (ed.), Buildirg Seals and Sealants, ASTM STP 606, ASTM,
Philadelphia, PA, 1976, pp. 134-150.

J. R. Panek, Durability and Performance Criteria of Building
Sealants, Joint Sealing and Bearing Systems for Concrete Structures,
ACT Publication SP-70, American Concrete Institute, Detroit,Michigan,
1931, po. 917-938.

DR G

A St P Sy

rf
-

"y % vy %y

! v

o




i
‘3
A
v PaR
oY
7
~
A
s Pes
(
i N2
g
XS
~
Y PiH
\
f-
..}‘
Y PoB
-i
. PPS
oy
N
1
4™
W
: RIL
%
e RoS
o
59 J
1Y
[} 'u:
{
'
. SaF
) 2
L W,
' -
,-j Sau
b "
N Sca
5
A
; 2‘: Sch
W
“
-
vy Sch
o+
) ?x
18
Sch
o6
A
189
]
[
S
{
LY
1w
¥ |
3
K:
’
‘o]
o
el

81

72

75

76

67

69

83

84

84

68

80

82a

A. M. Paillere and Y. Rizoulieres, Effectiveness of Products
Used for Repairing Concrete Structures, Bulletin de Liaison
des ICPC, pp. 73-78.

H. J. Peschke, Stress and Strain Analysis Between Cementitious
Concrete and Polymer Concrete, Proceedings of the Third Inter-

national Congress on Polymers in Concrete, Koriyama, Japan, 1981,
pp. 477-489.

R. G. Pike and R. E. Hay, Polymer Resins as Admixtures in Portland
Cement Mortar and Concrete, Final Report, Federal Highway Admin-
istration, Report No. FHWA-RD-72-50, Offices of Research and
Development, Washington, D.C., 1972.

E. P. Popov and V. V. Bertero, Repaired R/C Members Under Cyclic
ILoading, Earthquake Engineering and Structural Dynamics, 4, No. 2,
pp. 129-144 (1975).

E. A. Peterson, B. W. Pozniak, D. J. Smith, and A. D. Yazujian,
Polysulfide Rubber, in J. Panek (ed.), Building Seals and Sealants,
ASTM STP 606, ASTM, Philadelphia, PA, 1976, pp. 11-39.

RILFM, RILEM Symposia - Synthetic Resins in Building Construction,
Vol. 2, Paris, France, September, 1967.

H. A. Rooney and T. L. Shelly, Thin Resinous and Aggregate Overlays
on Portland Cement Concrete, Final Report, State of California, Div-

ision of Highways, Research Report No. 635121, Sacramento, CA, 1969.

H. R. Sasse and M. Fiebrich, Bonding of Polymer Materials to
Concrete, Materials and Structures, 16, No. 94, pp. 293-301 (1983).

K. L. Saucier, No-Slump Roller—-Compacted Concrete (RCC) for Use in
Mass Concrete Construction, U.S. Army Engineer Waterways Experiment

Station Technical Report SI~84~17, Vicksburg, Mississippi, 1984.

E. J. Scarpinato, Thin Polymer Concrete Bridge Deck Overlays,
Concrete Construction, 29, No. 8, pp. 711-715 (1984).

R. J. Schutz, Epoxy Resin Adhesives for Bonding Concrete to
Concrete, Epoxies with Concrete, ACI Publication SP-21, American
Concrete Institute, Detroit, Michigan, 1968, pp. 19-28.

M. Schupack, Divorces and Ruptured Relations Between Epoxies
and Concrete, Concrete Construction, 25, No. 10, pp. 735-738 (1980).

R. J. Schutz, ...0n New ASTM Standards - EPOXY RESINS, Concrete
International, 4, No. 1, pp. 33-37 (1982).

51

LA '_\":\‘;_-.'_Q; -."\.':-,.‘('::}-: s
™ ,,\:;~;.w,~}n,--1- W x

. ‘;

-

Toheh & %S
1N |

r"-'_;""' 5 &

S

552
LA AL A W

| s

.
-

e

~ vy
LA




R. J. Schutz, ...0On Patching Concrete, Protex Industries, Inc.,
Technical Bulletin, January, 1982.

BN AR B
» IR Pl 2 I

Personal communication with R. J. Schutz, April 21, 1986.

l

P. Smith, B. Chojnacki, and K. Langhammer, Performance Evaluation
of Concrete Restoration Materials and Methods, RIIFM Symposia -
Synthetic Resins in Building Construction, Paris, France, 1967,
Vol. 2, pp. 509-338.

I

A

v x

TR,
Hl KR

C. Seibel, Jr., Development and Field Performance of New ASTM
Standards for Hot-Applied, Formed-in-Place Joint Sealants for
Highway and Airfield Pavements, Joint Sealing and Bearing Systems for
Concrete Structures, ACI SP-70, American Concrete Institute, Detroit,
Michigan, 1981, pp. 1225-1232.

AR

C. E. Selander and L. J. Mitchell, Epoxy Resins for Concrete Con-
struction and Repair - Interim Report, Department of the Interior,
Bureau of Reclamation, General Report No. 28, Denver, Colorado, 1961.

4

b a ';.'r

‘,
‘hﬁb,5:

R. Sinno and H. Furr, Bonded Concrete Overlays, Proc. of ASCE Journal
of the Structural Division, 96, No. ST 8, pp. 1627-1638 (1970).

/‘ffr * l{{j .': .

B
s

|

s

'l
.
Gl

P. C. Saxena, S. L. Mokhashi, S. T. Paliwal and M. M. Choudhary,
Some Applications of Epoxy Resins in Concrete and Other Structures

in India, Proceedings of the Third International Condress on Polymers
in Concrete, Koriyama, Japan, 1981, pp. 123-137.

-
P R
AR P
b I

-

V. I. Solomatov, Polimer Tsementnye Betony i Plastbetony (Polymer-
cement concretes and polymer-concretes), Moscow: Izdatel'stvo
Literatury po Stroitel'stvu, 1967 (English Translation by U.S.A.E.C.
Div. Techn. Info. Series No. AEC-tr-7147.).

[y

A v

NS YRS
PR
P

.

S. Spells and J. Klosowski, Laboratory and Field Tests Can Predict
Long~Term Field Performance of Joint Sealants, Proceedings of the

Third International Conference on Concrete Pavement Design and
Rehabilitation, Purdue University, Indiana, April, 1985, pp. 587-593.

» "

5

i
® LNl

M. M. Sprinkel, Polymer Concrete Overlay on Beulah Road Bridge,
Installation and Initial Condition of Overlay, Virginia Highway &
Transportation Research Council, Interim Report No. 1, 1982.

-
«
-

M. M. Sprinkel, Evaluation of the Construction and Performance of
Polymer Concrete Cverlays on Five Bridges, Construction and Condition
of the Overlays Initially and After One Year in Service, Virginia
Highway and Transpcrtation Research Council, Interim Report No. 1,
1983.

M. M. Sprinkel, Polymer Concrete Overlay on Beulah Road Bridge,
Cordition of Overlay After One Year in Service, Virginia Highway &
Transportation Research Council, Final Report, 1983.

52

' “» \-‘\ \' .
.,’.) 30 h)

’ .' .-- ST x‘ q’ o -l‘ ,1’ .u f o " .{"y 4 ’| .‘\! N ,‘ (]
ooy w "."""’ SR xﬁg" "*”"’ qf‘"h""; o !:aa. SRR e
NGy :'..-‘. Coda, \-"'.'h" '-'.' X .'.‘.'o‘.k" i it .0".»“.' it el ':‘t' < RNOR R S N R N




B
J
e
4
~
2 Spr
-
Ay Spr
'\-.
3
¥
¥
oy
\
Y Spr
N
0.~
1\ Sta
- sus
N
-
‘o
! Tab
1 : TiL
"
14
3
o Tsu
et VaN
>
o)
4
- War
]
e
i
LS War
i
LN
o
. ),.~
»
Wat
X
F.'.
P d
e
‘o
L
N
R
f
K
;)
1)
o
)
)
o

~\$\ I‘_f f.\\f‘.)f ",

84a

84b

84c

76

76

78

67

76

84

85

76

S aﬂc R s

(e |
v 3
". DL ) O "' t'm!.,u' ".l‘; o‘"t l'.,s'. .o., '.fs::: .,l'.,n'.,o I

M. M. Sprinkel, Polymer Concrete Overlay on the Big Swan Creek
Bridge, Installation and Initial Condition of Overlay, Virginia
Highway & Transportation Research Council, Interim Report No. 1,
1984.

M. M. Sprinkel, Thin Polymer Concrete Overlays for Bridge Deck
Protection, Second Bridge Engineering Conference, Volume 1,
Transportation Research Board, Transportation Research Record No.
950, Washington, D.C., 1984, pp. 193-201.

M. M. Sprinkel, Overview of Iatex Modified Concrete Qverlays,
Virginia Highway and Transportation Research Council, Final Report,
1984.

B. W. Staynes, Epoxide Resin Concrete as a Structural Material,
Proceedings of the First International Congress on Polymers in
Concrete, London, England, 1976, pp. 340-348.

H. Suzuki and S. Sugahara, Fire Tests on Models Constructed of Resin

Concrete, Proceedings of the First International Congress on Polymers
in Concrete, London, Englard, 1976, pp. 306-311.

L. J. Tabor, The Evaluation of Resin Systems for Concrete Repair,
Magazine of Concrete Research, 30, No. 105, pp. 221-225 (1978).

R. B. Tillyer and P.F. Lewis, A Review of UK Initiatives in British
Stardards for Polymer Concrete Testing Procedures, Proceedings of the

Fourth International Congress on Polymers in Concrete, Darmstadt,
Germany, 1984, pp. 495-498.

Y. Tsuruta, Study on Repairing of Cracks, RILEM Symposia ~ Synthetic
Resins in Building Construction, Paris, France, 1967, Vol. 2, pp.
539-552.

R. C. Valore, Jr. and D. J. Naus, Resin Bound Aggregate Material
Systems, Proceedings of the First International Congress on Polymers
in Concrete , London, England, 1976, pp. 216-222.

J. Warner, Selecting Repair Materials, Concrete Construction,
29, No. 10, pp. 865-871 (1984).

S. T. Waring, Solutions to Ieaks Through Cracks and Joints in
Concrete, paper presented at American Concrete Institute 1985 Fall

Convention, Chicago, IL, October, 1985.

W. I. Waters, Solvent-Base Acrylic Sealants, in J. Panek (ed.),
Building Seals and Sealants, ASTM STP 606, ASTM, Philadelphia, PA,
1976, pp. 54-61.

53

.‘ " .| .‘ .‘ ‘ﬁ. . . '
!" ‘:0' c‘. Wole
t' O 4'. O u', At "f;'

v‘
. l.

%Y

L

s .-"?.-:f' :

2
X

ey

e s

s 'y

YRR AR

y it
et

LR 28 2%
[
B RN

AT

o
A
£ a d L.

Yy R e
s

&
w0

%N

ol e 4
P

..
UL
N )

..

*r ~ PN
e R

v i Yy
.

<

[

5% %%
Al

-G
P

¢
-

oSSR

>

-
G
‘-

X 3
R Y =3

Yerersn
Ay 4 4

« 8 35 _5_9
7’ f;'l'. %

AL




~
-:": :g"
-.‘.- b
P w
9, v
-I:j: Wes 60 W. G. Westall, Bonded Resurfacing and Repairs of Concrete Pavement, ;Z::
o Repair of Structures and Pavement by Thin Concrete Patching, Highway N
e Research Board Bulletin 260, Washington, D.C., 1960, pp. 14-24. Nt
'- \ 8
{ WFR 83 R. Webster, J. Fontana and W. Reams, A Preliminary Analysis of
A the Thermal Shear Stresses Developed Between Thin, Sand Filled .
po A Pol Concrete Overlays and Concrete Bridge Decks, Brookhaven -
*-: National ILaboratory, Process Sciences Division, Department of Energy
) : and Enviromment, Upton, New York, January, 1983. o
“u rodl
\ Whi 68 G. W. Whitesides, Stresses in Epoxy Compournds for Portland Cement N
W Concrete, Epoxies with Concrete, ACI Publication SP-21, American W
- Concrete Institute, Detroit, Michigan, 1968, pp. 93-106. :
1 .
~ N 5yt
N Won 84 C. J. Wong, Study of Viscoelastic Sealants Under Combinations of Y
o, Stress Using Finite Element Methods, Ph.D. Dissertation, Civil Al
' Engineering Department, University of Cincinnati, Cincinnati,
- Chio, August, 1984. -
. .::
e WSB 62 C. M. Wakeman, H. E. Stover and E. N. Blye, Glue! For Concrete o
.:;' Repair, ASTM Bulletin - Materials Research and Standards, 2, No. 2, !
s pp. 93-97 (1962). £
o i
N X
’. e
U .
>, S
2 Ry
¢ _"ﬁ .
¢ -
t =
X o
A, 5
) !
K b
Vo oy
4 )
|. ;
X s
- 3
N RR]
(¥ 2. ':_
= 3y
! A
" 'S-I Y
::. >
>
D 4
O/
&
1
L)

22
o<

- L
. 0
'l : 5 4 ;‘ ;'
D) 'l."

U
N i
o, |‘
; g
f 0
o .
R O
:" l‘ " W, e W A

e

o v f [ e
h“v ’ ﬁ'.r*'v_ St N \)$ ‘:.‘\:‘_‘;\J"‘J‘ .r " *:":. 'f‘: :(._:\ :" ﬁ\/\i‘-"i“- \}“-"_:'h'\'r- \ﬁ. e MRS LYY RO SASERNR \.:-.
D o TR RN Wy , ,(.\\'\«‘-‘-\‘.,.\.\ PN
"“.."‘.‘-' :“,‘\‘.ﬁ‘._l‘ N ) J.’.O N N Y A ll LA R AN .ch Chl M3 M) * f\)\‘ l.b..i' u‘ ‘\V}\" .'\l




br
&
'::-'.
vy
R
L
g
g
[~ Table 1A
. ':\.':‘ . .
'-.; Federal Specifications for Joint Sealants for Concrete
“
'. 2 No. Scoped Maximum Total Joint Movementb .
2O -
i - TT-5-001657 Single component, solvent release type, butyl 10 percent for Type I and .
e {FED 70¢) rubber based sealing compound for sealing, for Type Il ® 4
o0 calking, and glazing operations in buildings N
oy and other types of conmstruction. N
- .
h Y- t
f TT-5-20230C - Single component, cold~applied elastomeric 50 percent for Class A (includes :
. (FED 70b) type jolnt sealing compound (joint sealant) Type I and Type II) .
v-\'_' for sealing, calking, and glazing operations * )
‘_\:" in buildings, building areas (plazas, decks, 25 percent for Class B (includes : A
:_\}' pavements, etc.), and other types of Type I and Type II) e
N construction, »
h)
f'\".
TT-S-10227E Multi-component cold-applied elastomeric type 50 percent for Class A (includes N
. FED 09) joint sealing compound (jolint sealant), including Type I and Type I1) v_
curing agents, for sealing, calking, and glazing
AN operations in buildings, building areas (plazas, 25 percent for Class B (includes g
N\ ]
S decks, pavements, etc.), and other types of Type 1 and Type 1I) 3
TR construction.
U
.‘:'. TT-5-001543A Single component cold-applied silicone rubber 50 percent for Class A Q
"'\.- (FED 71) base joint sealing compound (joint sealant)
for sealing, calking, and glazing operations 25 percent for Class B .
. in buildings, building areas, and other types ty
17 of construction. Sealant ... shall not be used o Y
:, in sealing joints in horizontal decks, plazas, -3
| 0 patios, driveways, terraces and other areas 4
-l where foot tratfic and mechancial abuse are "
e encountered. The sealant shall not be used in '
9~. submerged joints such as in fountains, )
bl reflecting, and swimming pools. v
_.(, $5-5-200E Two types of two-component, elastomeric, cold- 4
.:-". (FED 84a) applied, jet-fuel-and jet-blast-resistant sealing
(v compounds for use in sealing joints and cracks in ]
\._":' portland cement concrete pavement. s
' 4’
Y )
- $S-5-1401C One type of one-component, hot-applied material :
it (FED 84ab) for use In sealing jolnts and cracks in portland
) cement and asphalt concrete pavemeats,
o -
s ::-" SS~S-1614A Two types and two classes of one-component, “
¢ ,\'f (FED 84c) jet-fuel-resistant, hot-applied material for use !
1 .\-’: in sealing joints and cracks in portland cement "
i o and tar concrete pavements. !
[} o’ o
e W
J
t;,‘l' 3 Taken from specifications - see specifications for additional details on use and precautions. “
o >
‘b.'. b see specifications for definitions and explanations of “maximum total joint movement,” "type,” &
"‘; s and “class.” Also see specifications with regard to testing requirements involving bound, r
) 0.. extension, compression, etc. Note that, according to J. Panek (private communication, June, 1986), "
,1:0, the “maximum total joint movement” as defined and explained in the Federal specitications is not
st consistent with the latest methods of expressing movement capability and can lead to misinterpretation ™
, » and improper joint design. For further clarification, see sections 2.3 and 5.1 of reference PaC 84. N
™ Also see reference PaC 84 for estimates of movement capability for some generic sealant types. -
s .
B .:4" .
.
. o]
o additional note: The reader is also referred to the relevant federal specifications and related ‘
) 'c’ intormation in the latest edition of "Index of Federal Specifications, Standards and Commercial \
( ¢ ftem Descriptions,” General Services Administration, Office of Federal Supply and Services.
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Table IB

ASTM Standard Specifications for Joint Sealants for Concrete

b
Siope Joint Movement

.me-component latex sealing compound tor Compounds generally formulated

uge as 4 cauiking compound Or seaiant in to withstand a maximus total joint

Suilding construction, movement of 152 (* 7.52 1in extension
and coapression) of the nominal joint
width.

Cuted single-or aulticomponent cold-applied Class 25 - A sealant that when tested

elastomeric joint sealant tor sealtng, caulking, shall wichstand an increase and decrease

ot glaziang operations on bulldings, plazas, and of at least 25% of the loint width ...

decks for vehicular or pedestrian use, and

types o5t construction other than highway Class 12-1/2 = A sealant that when tesced

and airfieid pavements and bridges. shall withstand an increase and decrease
of at least 12-1/22 of the joint width ...

Frp——— r—y - .
s~ PRI PSS PR A Pl e AN Ny A

P

Concrete joint sealer of the cold-application,
pastic, single or multiple-componeat type,
intendea for use in sesaling jotnts having a
zintmum width of about 172 in. (13 ma) in
concrete pavements, bridges, and other
.tructures.

O 185%6-74 Jet-fuel-resf{stant concrete joint sealer, of
(AST™ "-aJ the hot-poured elastic type, intended for use in
sealing jocints in concrete pavement i(n areas
exposed to jet fuel spillage and the blast from
jet airplane engines. It may be found useful
in industrial areas where similar conditions
exist.

Concrete joint sealer of the hot-poured elastic
type, intended for use in sealing joints in
concrete pavements, bridges, and other structures.

Z3e35-73 Joint sealants of the hot-poured type intended for
ASTM "3al use in sealing joints and cracks {n portland cement
concrete and asphaltic concrete pavemencs.

Elastomeric tvpe of one-component, hot-applied,
concrete joint sealant highly resistant to
weathering for uyse in sealing joints and cracks
in portland cement concrete highway and airfield
pavements.

EZlascomertc Ctype of one-component, hot-applied, jec-
fuel-resistant, concrete joint sealant highly
resistant to weathering for use in sealing joints
and cracks in portland cement concrete airfield
pavements in critical areas subject to jet-fuel
spillage and jet blast.

One type of thermoplastic, hot-applied, jet-fuel-
registant joint seslant for use in sesling joints
and cracks in pavements (portland cement concrete
and tar-concrete pavements).

' Taken 'rom specifications; see specifications for definitions of types, grades, classes, and also for additional decails
" ;se. apnllcation, and precautions.

> Taken rrim specifications - see specifications for further detail. Also see specifications and thetr references with )

regard to resiing requirements {nvolving bond, extension, recompression, etc. Also see reference PaC 84 for estimates ot

sov=ment  1pavility f3r some generic sealant types.
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. Table 3
Standacds, Specificacions, and Irvescigations for Boad-Related Tests for Coacrete Repair Materials
B T
Standards and Specifications ! Investigacions/Studies
Sona-Reiated Testst TAs™ T
R € 881-78¢ Other Examples ! i
i (AS™ 78¢) Uniced 1 *
*‘J 'C 1059-863 ' Staces Japan ' Germany 1 ‘:_'
‘-_J (AST™ 86) | "
A shear ' 0-',
2 ;
LR Titec: et " ACI 77b%, CBH 60, ChC &3, Ful 72, GPD 80%, \“-f
o . GPP 76, GPP 7B, GrK 74, GSP 69, KtN bd, Pac ©9, o,
o ) SCL 67, SeM 61, SIF 70, Spr 82, Spr Bla. X

. —_ | : Spr 83b, Spr Baa, Spr B4b, Spr Bac o
P~ | :

\ lang 5
haaey ¢ 882-782 AASHTO -

. -ASTM 784) ¥ 235-8512 . Bil 79, Bra 84, Joh 83, loh 67, Joh 7D, JSS BZ, OISC
'~ LAAS B5) Kri 7o, KN 68, PaR, PiH 72, Tab 78, WSB o2 .
'~ C 1042-853 -1 237-732(;982) ol

- mm (ASTY 85) LAAS 1) : ..
e, .
», ‘ ug ‘ "

. —L‘r— ! ) L),
3
- ™ : ChL 77, ChL 78, Cho 60, New B4, Teu b7,
zompressive o
. double, wshear| .— ‘
) J [ ' : --t.'
' o nlaxiac —~ — AASHTO »
e \__\ — T 237-132 982y Che bC, CSP 84, GPP 75, GSP 69, Ino 76, »
) D Q VAAS 7)) PaR, P1H 72, SMP B!, Spr 82, Spr 83a, Spr 8ab, L"
ol ' ’ ' uss o2 t-'
. -,
..J‘ Adhesion “Fuii-off ) AASHTO ) ‘
o | T 237-732 (98)! \ ‘-_.
v S | (AAS 73) i © (MRS 78)5 | Cau 84, Da3 78, Kra 67, LoM 84
| ACI . { . o
el =R i AC 503R-802 | ] ; =
Y (ACI 8C) N N :
‘.' Splitting ) ' ; ! \1"
-.‘ ! 1 I i Fat 83 \‘..
MR N : | | | N~
5. N ! .x‘

' ‘ ~"J
>, '\-

" T Poinc-ioed” T ‘o
\ ' I | Sau 84 (Also eee reference CRD 85) a
{ : : : j i
' .

Y ‘ &

) A
K1 j e .
Ea Cho 60, FaH 85, Fat 83, Ful 72, GPP 76, GSF 69, .
N L% J1s N Hug 32, ino '6, JoD &6, MaOQ 85, Oha 81, ’ha B4, !

R~ A 6026-19812 OKK 67, PaR, SLF 7D, Tsu b7 i~
: b (J1s 31 o
L} % ‘ S
\) Therma. lompazintoitw Can 67, Pes 81, Spr 82, Spr 84a, WFR 83, Whi 68!

4 see sect 3.2 C 884-782.6 )
\.' (ASTM “8e) ¢ {HRS 78)5.7 Also see teasperature cvcling studies - ¢
Y. GPD 80, GPP 76, GPP 78, Pac 79, SCL 67, Spc 82, N
3 ' Spr 8«a, Spr B4v, WFR 8)) »

L's Shrinxage :
o~
*
- c 383-80¢ Ale 81, Pes 81, Whi 68 )
e {Effective ¥,
Shrinkage) V‘
b (ASTH 80b) 1}
"." "
o I
:"' Jariations iccurred In the geometryv of the test specimen or application of the load or both for l"
v 'J different standards, apecifications. investigations, and studies - exampies of test specimen geomatries N,
‘.) and isadizga are shown.
- R b~
\.J - Spoxy-resi- svstems (see scandards, specificattons, anc test method (ACI 80) for detatls) L.

-

A
%

%

Latex hording agents of systems (gee standarde and specificecions for detatls). -

.

Cencted 3near dond’ of "bond (shear)”; details on sanner 1u which gheat sCress vas applied not Fiven. .
. x
"' Thte 2g..er0in (1cludes specifications and test anechods. ;'\'
L kS
» >

ﬂ"_ ® Temperscuce :=vcling in air. ’\‘
2 . -
." Teapersacure cYCiing 1n water, salt vater, and sif; adhesion tensile tests requited as part ".‘
ikl ST oevaiuation, »
', N '
‘ Y
{
> ~
(R
o
) ]
(X :
W .

(\ d
I\'. i
N v

) A
) et
° -

v 't

U . - "R AT A O
J-W-r.r P I W LN LG -(w-e\ W b
ey 'u ) L SR, A G LA SRR TN w.'-t. n ol L ONON,

e 37 ﬁ"\.u v \,\'Sa\a .\5 .\}A’ 5\_ :\. Ol \

Ld
A "\I ! o N ot u
'! vy .l.'l Al Sagt? k“'“l" ‘5«.‘»‘49! KON !.t. .s‘!o.s,h,l k"'ﬁ“ ..‘ ‘ i;
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